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Mporpamma ancumnnuHbl "Xumusa teepaoro tena"; 020201.65 dyHpameHTanbHas U NpuknagHas XmMust; 4OUEHT, K.H. (aoueHT) WrbipnuH

Mporpammy avcumnnuHbl paspabotan(a)(1) AoueHT, K.H. (aoueHT) WreipnuH B.IN. Kadenpa
HeopraHM4yeckom xmummnm Xnmumyecknin MHCTUTYT uM. A.M. Bytneposa , Valery.Shtyrlin@kpfu.ru

1. LUenn ocBOEHNS AUCLUMINHBI

1) dopmrpoBaHme LenbHOro NPeacTaBIeHUs O XMMUN TBEPAOro TeNa Kak YacT COBPEMEHHO
NHTErpanbHOM HayKn o0 TBEPAOM Tene, KoTopas BK/oYaeT Takxe gou3unky TBepaoro Tena u
MaTepuanoBeneHue.

2) TBOpYECKOE YCBOEHME (PYHOAMEHTANbHBIX KOHLIEMNUMIA XMW TBEPLOrO TENa, Kak YCTOSABLIMNXCS,
Tak U COBPEMEHHbIX, KOTOPbIE CYWECTBEHHbI AN (POPMUPOBAHNS MAPOBO33PEHNS
CMNeunanmcToB-XMMNKOB U BOCMPUSATUS CDOPMUPYIOWENCS METOAONOMMMN UCCNEN0BAHMS CNOXHbIX
KOHAEHCUPOBAHHbBIX XUMUYECKUX CUCTEM.

3) MapMoHM3aLmns TEOPETUYECKOrO N NPAaKTUYECKOrO MbIWIEHNS CTYAEHTOB NYTEM COYETAHUS
Hay4HbIX KOHLENUMIA ONncaHns CTPYKTYpPbl, CBONCTB U PeakLMOHHON CNOCOOHOCTN TBEPAbIX TEN C
pPacCMOTPEHMEM METOLOB NX NCCNEOOBaAHNSA U NPAKTUYECKOro NPMMEHEHNS HOBbIX MaTepmnanos.

4) PasBuTune HaBblkOB peweHns npakTn4ecknx 3anay B obnactu XxumMmm TBEPOOro Tena n co3gaHus
COBpPEMEHHbIX Matepmnanos gngd seaywmnx OTpacne|7| NPOMDbBIWNEHHOCTU - 3JIEKTPOHUKN, CBA3N,
MaWMNHOCTPOEHUA.

2. MecTO AMcUMNAUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbHOro obpasosaHus

JaHHas yyebHas oncumnnnHa BkitodeHa B pasgen " C3.B.2 MpodgeccmnoHanbHbIA" OCHOBHOM
obpaszoBartenbHoit nporpamMmbl 020201.65 dyHOaMeHTanbHas 1 npuknagHas XMMns 1 OTHOCUTCS K
avcumnnnHam no soibopy. OcBamBaeTcs Ha 4 Kypce, 7 CEMECTP.

[aHHas omcumnnuHa (no Belbopy) OTHOCMTCS K MPOGECCUOHANBHOMY pa3aeny ANCUMMINH U TECHO
CBsi3aHa TakXe ¢ 06WwyMyn MaTeMaTNYeCKMMM U eCTECTBEHHO-HAYYHbIMY OUCLUNANHAMU U
obwenpogeccrmoHanbHbiMK gucuunanHamu. OCBoOeHWe 3TOM AUCLUMNANHBI TpebyeT
npenBapuTenbHON OU3NKO-MaTeEMATUYECKOW NOArOTOBKW MO WNPOKOMY CMEKTPY KYPCOB, YATAEMbIX B
Xumnyeckom nHctutyte M. A.M. Bytneposa B Heobxoanmom o6 beme. OCHOBbI XMMUM TBEPAOrO Tena
CyLLecTBEHHbI Ans rnybokoro ocBoeHus KypcoB "HeopraHunyeckas xumus", "KoopanHaunoHHas
xumus", "KeaHtoBas xumus", "Kpuctannoxmmus", "OpraHmyeckas xumns". 1o OTHOWEHMIO K 9TUM
Kypcam "OCHOBbI XMMUW TBEPOOro Tena" BbICTyNaloT Kak nocnemylas, HTerpanbHas,
MeXaucumnamHapHasa aucunninHa.

3. KomneteHuuu obyyatrolerocs, hopMmpyemble B pe3ynbTtate 0CBOEHUS AUCLUMIUHDI
/mopynsi

B pe3ynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS Cleaytowme KOMNeTeHUNN:

PacwmdpbpoBka
LLinchp komneTeHumu npuobpeTaemMon KOMNeTeHL MU
MK-1 NMOHMMAET CYLWHOCTb U COUUanbHy0 3HA4YMMOCTb NPodoeccuu,
(npodpbeccrmoHanbHble OCHOBHbIX MEPCNEKTVNB 1 NPOBNeM, onNpenensowmnx KOHKPETHYO
KOMreTeHuunn) obnactb OesTeNbHOCTH

B pe3ynbtaTe 0CBOEHUS OUCUMUMANHBI CTYOEHT:
1. DONXEH 3HaThb:

OCHOBbI CTPOEHNS TBEPALIX TEN, CUMMETPUUN KPUCTANIOB, METOObI CUHTE3a TBEPAbIX BELLECTB,
MEXaHN3Mbl TBEPA0RA3HbIX PeaKLViA; TUMbl U NPUPOLY (ha30BbIX NPEBPALLEHWNA TBEPABIX TEN, TUMbI 1
pONb 0eOEKTOB B TBEPAbIX TENAX, B3AVMOCBS3M MEX Y CTPYKTYPOI 1 CBOACTBAMU KPUCTANNOB,
MarHWTHbIE, ANEKTPUYECKNE, ONINEKTPUYECKNE U ONTUYECKNE CBONCTBA KPUCTANNOB.

2. IONXEeH yMeTb:
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Mporpamma ancumnnuHbl "Xumusa teepaoro tena"; 020201.65 dyHpameHTanbHas U NpuknagHas XmMust; 4OUEHT, K.H. (aoueHT) WrbipnuH

OPVEHTUPOBATLCS B CUCTEMATMKE CTPYKTYP HEOPraHNYEeCKNX COEAMHEHWNIA, CTPYKTypax
OpraHNYecKnx KPUCTanoB, COEAMHEHWNI BKNIOYEHUS U KNaTpaToB, aMOPMHbIX TBEPALIX TEN, METOAAX
nccnenoBaHust TBEPAbIX TeN.

3. OONXEeH BnageTb:

HaBblkamMu MPUMEHEHUS KOHLENLMIA 1 METO40B XUMUW TBEPLOro Tena K aHannsy CUHTE3NPYEMbIX B
Xumnyeckom nHctmutyte um. A.M. BytnepoBa TBepaohasHbIX MaTepmanos 1 K 06CYXAEHUIO
KPUCTaNNOXMMNYECKON MHADOPMALIM B KHUXHbBIX U XYPHANbHbIX N3O2HUAX.

4. nONXeH OJEMOHCTpPMpOBaThb CMOCOBHOCTb 1 FOTOBHOCTb:

NPUMEHEHNs KOHUEeNUUA 1 METOLOB XMMUWN TBEPOOro Tena K aHanmay CUHTE3MpPYyeMbIX B XMMUYECKOM
nHctmutyTe M. A.M. ByTnepoBa TBepa0da3HbIX MAaTEPUANoB 1 K 06CYXAEHNIO KPUCTaNNOXUMNYECKON
NHCpOPMaLNN B KHUXHbBIX U XYPHaNbHbIX U3O0AHUSX.

4. CTpyKkTypa 1 cogepxaHve AUCLUNMUHBI MOoayns
Obwas Tpya0eMKOCTb AUCLIMIMIIMHBI COCTaBNSET 2 3a4eTHbIX(ble) eanHuL(bl) 72 yaca(os).
dopma NPOMEXYTOHHOrO KOHTPONS AUCLMMANHDBI 3a4€T B 7 CeMecTpe.

CyMMapHo no gucumnanHe MoXHoO nony4ntb 100 6annos, n3 HMX Tekywas pabota oueHnaetcs B 50
6annos, utoroeas goopma KoHTpons - B 50 6annos. MuH1MManbHoe KONMYecTBO ANs AoMycKa K 3a4eTy
28 bannos.

86 6annos n bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBneTBOpUTENBHO" (YAO0B.);

54 6anna n MeHee - "Hey1OBNETBOPUTENbHO" (Heyn.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTbl Mo AUCLUNNINHE/ MOAYIO
TemaTnyeckum nnaH gUCUUNANHbI/MOAYNA

Buabl u yachbl
ayoMTOpHOM paboThbl,

Pasnen
Henens WX TpyA0eMKOCTb TekyLime coopMbl
N 'D'"Kn"(")'g;ﬂ;”b'/ Cemectp cemecTpal (B yacax) KOHTpOnsi
Nekumu MpakTnueckuelaboparopHbie
3aHATUSA pabotbi
Tema 1. Temat:
CTtpoeHune TBEpPAObIX TEN. noMaHee
CnmmeTtpus
. 7 1 2 HK

1 KpucTannos. 0 0 sananne
Xnmmnyeckas cBssb B
TBEPAbIX TEenax.
Tema 2. Cuctematumka
CTPYKTYpP JomMalHee

2. |HeopraHnyeckmnx 7 2 0 2 0 3apaHve
coeaunHeHnin. Cnnukartbl
1 anoMocunukarbl.

PernctpaumnoHHbiii Homep 73513 < 3;%1;}‘??(&1:{1;%’1;1‘
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Mporpamma ancumnnuHbl "Xumusa teepaoro tena"; 020201.65 dyHpameHTanbHas U NpuknagHas XmMust; 4OUEHT, K.H. (aoueHT) WrbipnuH

Buabl 1 yacbl
ayauTopHOM paboThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl
cemecTpa (B yacax) KOHTpons
MpakTnyecknellaboparopHbie

3aHATUSA pabotbi

Paspen
N AducunnnuHol/ CemecTp
Moayns

Nekuunn

Tema 3.
HecssasbiBatowme
B3aMMOOENCTBUS B
WNOHHbIX KpUcTannax.
Monntnnnam. JomMaluHee
3. |OpraHunyeckne 7 3 0 2 0 3afaHuve
KpucTansnbl: QoynnepeHsbl
N POLACTBEHHbIE
mMarepwuarsbl, KOMMIEKCh
C NepeHOoCcoM 3apsaa.

JomMallHee

Tema 4. CoennHeHuns v 4 0 ) 0 3agaHue

BK/TIOYEHWNA U KnaTtpartbl.

Tema 5. AMOpHble nomatuiHee
5. [TBepOble Tena. 7 5 0 2 0 3ajaHve
Keasukpucrannbi.

Tema 6. KBasnyactuubl
B KpucTtannax: goOHOHbI,
MarHOHbI, 3KCUTOHbI,
NONSAPOHbI, CONMNTOHDI.

Tema 7. Tema2: Metoapl
nccnenoBaHus
KpUCTannos.
PeHTreHoBckas,
SNEeKTPOHHAasa n
HEenTpoHHas JomatliHee
7. (amdppakums. 7 7 0 2 0 3anaHve
ONeKTpoHHas
MUKPOCKOMUS.
PeHTtreHoBckas
ancopbunoHHas
cnektpockonus (EXAFS
n XANES).

Tema 8. OnekTpoHHas
cnekTpockonus (XPS,
UVPS, AES, EELS).
Cnektpockonusg AMP un
9MNP. AncopbumnoHHas,
donyopecueHTHas, K-
n KP-cnekTpockonus.
30HO0Bas MUKPOCKOMUS
(STM, AFM).

gomauiHee
7 6 0 2 0 3ajaHune

gomauiHee
7 8 0 2 0 3aJaHune

KETPOHHBH
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Mporpamma ancumnnuHbl "Xumusa teepaoro tena"; 020201.65 dyHpameHTanbHas U NpuknagHas XmMust; 4OUEHT, K.H. (aoueHT) WrbipnuH

Buabl n yachbl
ayauTopHOM paboThbl,

Paspen
Henens MX TPy A0EMKOCTb Tekywume copmbl
N ‘D'"Kn"(")v;lr;m;“b'/ Cemectp cemecTpal (B yacax) KOHTpOnsi
Nekumm MpakTnyecknellaboparopHbie
3aHATUSA pabotbi

Tema 9. Tema3: MeTonpbl
CVHTEe3a TBepablX
BewwecTs. [lonyyeHne
HeopraHM4yeckmnx
mMaTtepuanos
KepaMmyeckmnmum,
XUMUYECKUMU 1
g [ByroBbiMM MeTORAMM, v 9 0 > 0 TecTupoBaHmne
NPUMEHEHNE BbICOKOTO
JaBneHns, HacTbINbHOrO
nnaBneHns n
XUMUYECKOro
ocaxOeHns n3 rasoBou
gasbl (CVD).

Tema 10. OcobeHHOCTH
CYHTE3a OpraHnyeckKmx
TBEepAbIx Ten. CnHTes
HaHoMaTepuanos.

10. [MonyyeHne amopgHbIX / 10 0 2 0
BewecTs. Obwune
METOAbl BblpallBaHUS
KPYMHbIX KPUCTaNOoB.

Tema 11. Tema4:
®daszoBble
npespatieHus.
TepmoanHammka
¢oa30BbIX NMepexonos.
daszoBsble Nepexoabl
nepBoro 1 BTOPOro
pogna. Teopust pasosbix nomaiuHee
11.|nepexonos JlaHpay. 7 11 0 2 0 3ajaHve
Msrkvne mogpl.
Kputuyeckne ssneHus.
CTpyKTYypHbIE
N3MEHEeHNs npu
¢oa30BbIX
npespatLeHnsx.
OCHOBHbIE MEX2HU3MbI
¢oa30BbIX NMepexonos.

JomMallHee
3agaHune

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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Mporpamma ancumnnuHbl "Xumusa teepaoro tena"; 020201.65 dyHpameHTanbHas U NpuknagHas XmMust; 4OUEHT, K.H. (aoueHT) WrbipnuH

Buabl 1 yacbl
ayauTopHOM paboThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl
cemecTpa (B yacax) KOHTpons
MpakTnyecknellaboparopHbie

3aHATUSA pabotbi

Paspen
N AducunnnuHol/ CemecTp
Moayns

Nekuunn

Tema 12.
HecopaamepHble goasbl.
KoonepatunsHbIii
appekT AHa-Tennepa.
MNepexonbl mexay
CMVHOBbIMM
COCTOSIHUSAMU.
Mesodasbl. nomalHee
12.{[Mnactuyeckoe 7 12 0 2 0 3ajaHve
KpucTtannuyeckoe
coctosHue. Xuakve
KpucTtannsi:
HemaTtunyeckue,
XonecTepuyeckume un
CMeKTuyeckme asbi.
®daszoBble nepexonbl B
cTeknax.

Tema 13. Temab:
JedekTbl B TBEPObIX
Tenax. ToyeyHble
nedpekTbl No PpeHkento
n WotTtkn. PaBHoBecne
13 [TO4EHHbIX NeqoeKToB.
‘IMapaanekTpuyeckme n
MONeKynspHble
npumecw. LieHTpbl
okpacku. lucnokauum.
[MnaHapHble nedekThbl.

oomauiHee
7 13 0 2 0 3a4aHune

Tema 14.
B3anmoneincTteune
nedoeKTos.
YnopsnoyeHue
TOYEYHbIX 0EPEKTOB U
CBEPXCTPYKTYpbI.
Kpuctannorpaguyecknig JomatiHee
14.|cosur. bno4Hble 7 14 0 2 0 3ajaHue
6eCKOHEeYHo
afanTyBHbIE CTPYKTYpbI.
MpopacTaHne
KpucTannos.
HedekTHble
NEepPOBCKNTHbIE OKCMAbI.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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Mporpamma ancumnnuHbl "Xumusa teepaoro tena"; 020201.65 dyHpameHTanbHas U NpuknagHas XmMust; 4OUEHT, K.H. (aoueHT) WrbipnuH

Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl v yachbl
ayauTopHOM paboThbl,
MX TPYAO0EMKOCTb

(B yacax) KOHTpOns

Tekywime coopmbl

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

15.

Tema 15. Temab6:
B3anmoces3b mexay
CTPYKTYpOn 1
cBoKMCcTBaMu
Kpuctannos. OnncaHve
3NEeKTPOHHOW CTPYKTYpbl
TBEpPOblX TEN B 30HHOW
mMognenu, Mmoaensx
NOKaNn30BaHHbIX
3NEeKTPOHOB,
XVIMUYECKOW CBA3N U
knactepos. MarHuTHble
CBOWCTBA KpUCTaNIos.
onekTpuyeckue
CBOWCTBA TBEPAbIX TEN.

15

JomallHee
0 3agaHue

16.

Tema 16.
CBepxnpoBOAUMOCTb.
Ounanektpuyeckme un
OnTUYyeckmne CBONCTBA
kpuctannos. Nepexoapl
MeTann-HemeTann
mMexay
[enokann3oBaHHbIMM
COCTOSIHUSIMM,
MOTTOBCKUE 1
aHOepCOHOBCKUE
nepexonpl.
CMewaHHO-BaNneHTHble
COeONHEHNS.
Hwu3kopasmepHbie
TBEpOble Tena.
deppovikn.
deppoanekTpukn n
aHTNAEPPOINEKTPUKMN.
OcobeHHocTH
aMoOpMHbIX TeN 1
XUIOKUX KPUCTANNOB.

16

oomauiHee
0 3a4aHune

PernctpaunoHHbin Homep 73513
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Mporpamma ancumnnuHbl "Xumusa teepaoro tena"; 020201.65 dyHpameHTanbHas U NpuknagHas XmMust; 4OUEHT, K.H. (aoueHT) WrbipnuH

Buabl 1 yacbl
ayauTopHOM paboThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl
cemecTpa (B yacax) KOHTpons
MpakTnyecknellaboparopHbie

3aHATUSA pabotbi

Paspen
N AducunnnuHol/ CemecTp
Moayns

Nekuunn

Tema 17. Tema7:
TeepooasHble
peakumu.
Knaccudmkaums
TBEpaodasHbIX
peakuui. Peakunn,
BKNIOYAKOLWME TOSbKO
oOHy TBEepayto dasy.
Tonoxnmmyeckme u
TOnoTakTMyeckme
17 [npoueccs!. Peakuwun

TBEpOoe-ras,
TBEPLOE-TBEPLOE U
TBEPOOE-XKNIOKOCTb.
Mpouecchl
NHTEepKansaumm.
Peakuun opraHmnyeckmx
TBEPObIX BEIWECTB.
MexaHn3Mbl BaXXHENWnX
TBEpaodasHbIX
peakumui.

JomaliHee
7 17 0 2 0 3agaHue

Tema 18. Ondpdoysns B
TBEPAbIX TENAX N POsb
nedoeKkToB B
TBEpA0ga3HbIX
peakuunsx.
KnHeTtnyeckme monenu
N ypaBHEHUS
N30TepMmnyeckom
KuHeTukn. Mogenun ¢
NMMUTUPOBAHUEM KOHTpONbHas
18.|andocpy3neit, 7 18 0 2 0 pabota
B3aMMOOEeNCTBMEM Ha
rpaHuue pasgena gpas
"
3aponbleobpa3oBaHey.
AKTUBHOE COCTOSIHUE
peareHTOB 1 ero posb B
TBEpA0da3HbIX
npoueccax.
["eTeporeHHbIN KaTtanus.

—

Tema . Torosas
doopma KOHTpOns

NTtoro 0 36 0

7 0 0 0 3a4ert

4.2 CopepxaHvue oUCLUMNUHbI

Tema 1. Temal: CtpoeHue TBepabix Ten. CuMmeTpusa Kpuctannos. XMMuyeckas CBsisb B
TBepAbix Tenax.

npaKkTudeckoe 3aHsitne (2 yaca(os)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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Mporpamma ancumnnuHbl "Xumusa teepaoro tena"; 020201.65 dyHpameHTanbHas U NpuknagHas XmMust; 4OUEHT, K.H. (aoueHT) WrbipnuH

AnemeHTapHas syelika. TpaHCNsAUMOHHbIE BEKTOPI, onpeaensiowme pebpa v yribl Mexay Hu-Mu.
CeMb KpucTaninyeckmx cuctem: kybuuyeckas, TeTparoHanbHas, optTopombuyeckas,
pombo-3apuyeckasi, rekcaroHanbHas, MOHOKNHHAS, TPUKNUHHAS. MMoHsTe cuMmeTpumn. TodyeyHas
CYMMETPUS. DNEeMEHTbI 1 ornepaumm TOHEYHON CUMMETPUN (3aKpbiTble onepaumnm): cobCTBEH-Hoe
BpalleHne, OTpaxeHne B MNOCKOCTU CUMMETPUN, OTPAXEHNE B LEHTPE CUMMETPUN (MHBEP-CUS),
HecobCTBEHHOE BpalleHne, NOBOPOT ¢ MHBepcuein. Obo3HaYeHe aNEMEHTOB CUMMETPUN B
cuctemax lengpnuca n Nepmana-MoreHna. ToyeyHas rpynna. Viepapxusa To4eUHbIX rpynn v
pacnpegneneHue nx no Kkpuctaninyecknm cuctemam. lonosgpudeckas rpynna. Onepauns
TpaHCASaLUMM 1 OTKPbITble onepauun cummeTpun. BuHTOBOM onepaTtop v BUHTOBLIE ocu. Onepa-Top
CKONb34Uero oTpaxeHus n naockocTn a-, b-, c-, n-, d-ckonbxeHus. LieHTpupytowmin one-patop v
TUMbl KPUCTANNINYECKMX PeweToK: 6a30LeHTPUPOBaHHbIE, FPaHeLEHTPUPOBaAHHbIE,

06 bEMOLIEHTPUPOBAHHbIE 1 NPUMUTUBHBIE. YeTbipHaauaTb pewetok bpase. MNpoctpaHcTBEHHAS
rpynna. O6o3HaveHnsi NpocTpaHCTBEHHbIX rpynn. Onepauusi aHTucummetpum LybHukosa. LiBeTHble
WX MarHUTHbIE rPynmbl.

Tema 2. Cuctematuka CTPYKTYyp HeopraHn4eckux coeamHeHuin. Cunmkarbl U antOMOCUNIUKATDI.
npakTudeckoe 3aHsitne (2 yaca(os)):

BeeneHune B npeamet. Tunbl CBA3M B TBepAbIX Tenax. VIoHHble kpuctannbl. YpaBHeHus
BopHa-Marepa n BopHa-JlaHge. NocTtosiHHaa MagenyHra u MmagenyHroBCKuin NoTeHLuman MoHoB.
Ko-BaneHTHble kpuctannbl. AnmMasononobHble CTpykTypbl, coeamHeHus Tuna ANB8-N. MoHHoCTb
cBA3K B kpuctannax no MNonuHry n dunnnncy, 9BpucTuyeckoe 3Ha4yeHne napameTpa MOHHOCTHU.
Metannuyeckue kpuctannbl. OCHOBbI 30HHOW Teopun. MonekynapHble Kpuctanibi.
BaH-nep-BaanbcoBbl B3aumoneiictems. QHeprun Keesoma, Oebas, NloHnoHa. MoteHuman
Nennappa-LxoHca. NapHble atoM-aTOMHble noTeHumnansl Kutaniropoackoro. Kpucrtannbl ¢
BOLOPOLHOWN CBA3bIO, 3HAYEHNE BOOAOPOAHOM CBA3MN B XMBOM Npupoae. ACUMMETPUYHbIE 1
CYMMETPUYHbIE BOLOPOOHbIE CBA3W, CNOCOOLI UX ONUCaHNS.

Tema 3. HecBsi3biBaloLL e B3aUMOLENCTBUSA B MOHHbIX Kpuctannax. Monutunusm.
OpraHuueckue Kpuctanbi: coynnepeHbl 1 poACTBEHHble MaTepuarbl, KOMMIEKCbI C
nepeHoCcoM 3apsiaa.

npaktnyeckoe 3aHsitne (2 4aca(os)):

Monenb xecTkux copep. Kybuyeckas n rekcaroHanbHas NAOTHENWNE YNakoBKMW.
Ob61beMoLEeH-TPUPOBaHHas NIoTHas ynakoeka. CTPyKTypbl METANININYECKNX SNEMEHTOB, OCOOEHHOCTU
cTpyk-Typ Hg, Cd 1 Zn. CTpyKTypbl HEMETANNNYECKMX U NONYMETANINYECKMX SNEMEHTOB. DNIEMEHTbI
VIl rpynnbl. 9nemenTsl VII rpynnbl. OnemeHTbl VI rpynnbl. 9nemenTsol V rpynnbl. 9nemenTsl 1V
rpynnbl. CTpykTypbl 60pa. CTPyKTypbl HEOPraHN4Yecknx coeamHeHnin. Mooenb nnoTHewnwen
ynakoBKW MOHOB. OrpaHn4yeHns NOHHON MOAENN: HEKOPPEKTHOCTb NCMONb30BaHNS YHUBEP-CaNIbHbIX
MNOHHbIX PaanNyCcOB U KOHLEMUMS SNEeKTPOCTaTUYEeCKOM Cusibl CBA3M [onuHra; sseneHne aBTakcum.
CTpykTypbl coeanHeHun Tnna AB: cTpykTypa KaMeHHOW Conu (xnopuaa Hatpus), CTPyKTypa xnopuaa
Le3ns, CTPYKTypa LIMHKOBOW 0bMaHku (cdbaneputa), CTPyKTypa BIOPTUMUTA, CTPYKTYpa apceHmaa
HUKeNns, CTPYKTypa nogmaa tannums, CTpykTypbl LU- 1 B-okcmnaa cBMHLA, CTPYKTypa cynbgouaa pTyTu
(knHoBapw), cTpykTtypa okcuaa menu(ll), cTpykTypbl okcnoos (cynbgomnnos) nannagus(ll) v
nnatuHbI(ll). CTpyKTYpbl coeanHeHnii Tuna AB2: cTpykTypa donto-oputa (dpropraa Kanbums),
aHTMNOPUTHAA CTPYKTYpPa, CTPYKTypa pyTuna (okcuaa tuta-Ha(lV)), cTpykTypbl anokcmnaa
KpeMHus (B-kpuctobanuta, B-TpuanmnTa, B-kBapua), CTpykTtypa kynputa (okcnga meau(l)),
CTpyKkTypa nuputa (aucynbdouna xenesa(ll)), cnomcrole CTPYKTYpbl noanaa kagmus, xnopuaa
kaomng, monnbaenuta (ancynocounga monmbaeHa(lV)), noagnaa prytu(ll). CTpykTypbl coOeAMHEHWIA
Tuna A2B3: NOHHbIE CTPYKTYpPbI - CTPYKTYpa KOpyHAA (OKCU-Aa antoMUHNS), CTPYKTYpa UbMeHuTa
(tTutanaTta xenesa(ll)), ctpyktypbl A-, B- n C-peako3eMenbHOro okcuaa, CTpykTypbl okcuaa
BucmyTa(lll), koBaneHTHble CTPYKTYpbl ? CTPYK-Typbl Tennypuaa n cynbdouna sucmyta(lll).

Tema 4. CoepuHeHUs1 BKIKIOYEHUA U KnaTparbl.
npakTnyeckoe 3aHsitne (2 4aca(os)):
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CTtpykTypbl coeauHeHun Tuna AB3: cTtpyktypa okemaa peHus(Vl), ctpyktypa propmnaa
nanna-gus(lll), aHtnctpykrypa ReOS3, ctpyktypa tucoHuta (LnF3, AcF3). CTpykTypbl cOeaHeHuin
Tn-na ABX3: neposckutbl. CTpykTypbl coeanHeHuin Tuna A2BX4: K2NiF4. CTpykTypbl coeanHEHNIA
Tna AB204: wnuHenu n ?o06paileHHble? wnuHenn. CTpykTypbl coeamHeHnii Tuna A2B207:
nu-poxnopbl. OKTasapnyeckme TyHHeNbHble CTPYKTYPbl: OKCUAHblIE BPOH3bI, FekcaroHasnbHbie U
TeTparoHasnbHble BoNbpaMoBbie BPOH3bI, oochaTHbIE BONbGIPaMOBbIE OPOH3bI, TUTAHOBLIE
6poH3bl. JlamennspHble (NnacTuHyaTtble) CTPYKTypbl. CunmkaTtbl 1 antomocunmkaTbl. OpTocunm-Kartol,
MMPOCUNUKATbI, CUANKATbI C KONbLEBbIM MOHOM Si3096-, NMpokceHbl, amgunbonsl. Punno-cunukarol,
FMUHUCTbIE MUHEepanbl, KAONVHUT, TanbK-NMUPOGUNINT, Tanbk, CAOObI.

Tema 5. AMopcpHble TBepable Tena. KBasukpucrtanibl.
npakTudeckoe 3aHsitne (2 yaca(os)):

TpexmepHble cunukatbl U antoMOCUNKKaTbI: NONEBbIE WNAThl, ybTPaMapuHbl, LEONNTHI,
CO-[annToBas KneTka, HoBble aHanoru LeonmToB, TEMMNIATHbLIA CUHTE3 MUKPOMNOPUCTLIX U
Me30-MopuCTbIX TBEpPbIX Ten. N30- n retepononumeTannartbl, CTpyktypa KerrnHa, nogeka- n
an-rngpogonekasonbgpamart, aHnoH [ancoHa. Hecssasbialowme B3anMOLENCTBUS B MOHHbIX
Kpuctannax. 3Ha4eHne KOHLUENUMm sneKTpocTatuyeckom Cunbl CBA3N ANs ONUCaHns CTPYKTYp
coeVHEeHUN KpeMHus. HoBble B3rnsaabl Ha CTPYKTYPbl HEOPraHNYeCKNX TBEPAbIX TeN: CTPYK-Typbl
KOHOEHCUPOBAaHHbIX METANNOKNACTEPOB; CTPYKTYPbI, CBA3aHHbIE KpucTannnorpaguye-ckumm
onepaunsmMn; CTPYKTYpPbl N3 yNakoBOK ABYMEPHbIX MNOCKMX CETOK (CeTok Karome); cTpykTypbl 13
yrnakoBOK CTepXHen nnn H1uten. BoamoxHoctn metoga MO ons onucaHusa kpuctanimyeckmx
cTpykTyp. Monutunuam: nonutnnel ZnS, Cdl2, Pbl2, cnoncTbix onxanbko-reHnnos, CUINKaTos,
NepOBCKMTOB.

Tema 6. KBasuuacTtuubl B Kpuctannax: oOHOHbI, MarHOHbl, 3KCUTOHbI, NONSIPOHbI, COJIUTOHDI.
npaktnyeckoe 3aHsitne (2 4aca(os)):

TpexmepHble cunmkatbl U antoMOCUNMKATLI: NONIEBbIE WNATbl, yNbTPaMapuHbl, LEONNTHI,
CO-[annToBas KneTka, HoBble aHanory LeonmToB, TEMMNIATHbIA CUHTE3 MUKPOMOPUCTLIX 1
Me30-MopuCTbIX TBEpbIX Ten. 130- n retepononumetannarsl, cTpyktypa KerruHa, nogeka- n
an-rmgpojonekasonbpamar, aHnoH arcoHa. Hecsssbialowme B3anMoOeiCTBUS B MOHHbIX
Kpuctannax. 3Ha4eHne KOHLUENUMN SNEeKTPOCTaTUYECKOM CUMbl CBA3KN 415 ONUCaHMS CTPYKTYP
coeauHeHnn kpeMHus. Hoeble B3rnsabl Ha CTPYKTYPbl HEOPraHMYeCcknx TBEPAbIX TEN: CTPYK-Typbl
KOHAEHCUPOBAHHbIX METANNOKNACTEPOB; CTPYKTYPbl, CBA3AHHbIE KpUCTannnorpaguye-ckumm
onepaumsamMn; CTPYKTYpPbl U3 YNakOBOK ABYMEPHbIX MNOCKUX CETOK (CeTok Karome); CTpyKTypbl 13
ynakoBOK CTEPXHeN nnn Huten. BoamoxHoctn metoga MO onsg onncaHus KpuCcTaninyeckmnx
CTPYKTYp. Monutunuam: nonutunsl ZnS, CdI2, Pbl2, cnoncTtbix gnxanbko-reHnaoB, CUINKaToB,
NepoBCKUTOB.

Tema 7. Tema2: MeTtonbl uccnepoBaHUA KpMcTannos. PeHTreHOBCKas, 3N1eKTPOHHas U
HEeNTPOHHas audppakuus. INEeKTPOHHaAA MUKpocKonus. PeHTreHoBcKas aacopbunoHHas
cnektpockonusi (EXAFS n XANES).

npakTnyeckoe 3aHsitne (2 4aca(os)):

YeTblpe OCHOBHbIX TUMNA XapakTepucTuk Teepapix Ten. Ontndeckme metogpl nccnenosaHns. OCHoBbI
LMPPaKLMOHHBIX METOL0B, dhopMyna bparra-Bynbdoa, noctpoeHune obpatHoi pe-wetkn. Metoabi
PEHTreHOBCKOM audppakumn: metoq Jlaya, meton nopowka (Lebas-leppepa-Xanna), meton
BpaLarowerocs kpuctanna (meton BericeHbepra). [lga atana aHa-nn3a AnpakuMOHHON KapTUHbI:
yCTaHOB/IEHME NapaMeTPOB 3NIEMEHTAPHON S4ENKM 1 onpe-aeneHne OTHOCUTENbHbIX KOopauHaT
aTOMOB B si4eike. DNeKTPOHHAs Anpakumns u ee npe-uMmylecTsa, gudpakums
HU3Ko3HepreTnyeckmx anekTpoHos (LEED). HenTtpoHHasa ondgopak-umns n ee npenmywecTea,
NONHOMPOOWbHbBIA aHanuM3 Puteenga, NpUMEHeHNs HEMTPOHHOW angpakunmn. InekTpoHHas
MUKPOCKOMWS: CKaHMpPYoWas anekTPoOHHas MUKPOCKOMUS, TPAHCMUCCUOHHAS 3NEeKTPOHHAs
MUKPOCKONWS, NpuMeHeHne dypbe-npeobpasoBaHnsa ons aHanmaa nsobpaxeHus. CnekTpockonus
noTepb anekTpoHHom aHeprum (EELS). AHanuTtuye-ckast Mukpockonus.

Tema 8. dnekTpoHHasa cnekTpockonus (XPS, UVPS, AES, EELS). Cnektpockonus AMP un 3IP.
ApcopbuunoHHas, conyopecueHTHas, UK- u KP-cnektpockonusi. 3o0HA0Basi MUKPOCKONUs
(STM, AFM).

npakTnyeckoe 3aHsitne (2 4aca(os)):
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PeHTtreHoBckas ancopbumnorHHas cnektpockonusi (EXAFS n XANES). AMP-cnekTpockonus TBepabix
Ten, aKCNepuMeHTbl ¢ BpaleHuem nog marundeckum yrinom (MAS NMR). SIMP-cnektpockonus,
HeopraHn4yeckune 1 opraHM4yeckmne CrNnMHOBbIE 30HObl. DNEKTPOHHASA CNEKTPO-CKONMS (MPUHLMMbBI K
npuMeHeHns): poToanekTpoHHas cnektpockonusa (XPS n UVPS), Oxe-cnektpockonus (AES),
CMEKTPOCKONUSt NOTEPb 3NEKTPOHHOW aHeprum (EELS). An-copbumnoHHas n gonyopecLeHTHas
cnekTpockonusi B Buammoi n Y® obnactu, VK- n KP-cnektpockonusi, meccbayapoBckas
cnekTpockonus. 30HO0Bas MUKPOCKOMNUS: CKaHUpyowas TyHHenbHas Mukpockonus (STM),
aToMHO-cunosas mukpockonus (AFM).

Tema 9. Tema3: MeTtonbl cuHTe3a TBepAabix BewiecTs. [lonyyeHne HeopraHN4ecKmx
mMaTtepuanos KepaMuyecKuMu, XMMU4YeCKUMM 1 AyrosebiIMU MeToaamu, NpMMeHeHue BbICOKOro
AaBfieHNs, HaCTbIJIbHOro NAaBNeHUs U XMMUYEeCKOoro ocaxgeHust ns rasosom dpasnol (CVD).

npakTudeckoe 3aHsitne (2 yaca(os)):

CurHTEe3 HOBbIX COEAMHEHUI 1N CO34aHMe HOBbIX MaTepuanoB: XapakTepHble npumepsbl. YeTbl-pe
KaTteropum cnHTesa TeepablX BEWeCTB. 3HaYeHe NOHUMaHNS KPUCTanIoXMMmUM N CUH-Te3a HOBbIX
BewecTB. Kepammyeckunin MeTo CUHTEe3a TBepAbIX BewecTs. [1yTn npeononeHns orpaHnyeHun
KepaMuyeckoro metona: 1) MeToa Cywku pacrnbineHneM; 2) MeTo, CYLLKU Bbl-MOpaXusaHueMm; 3)
MeTo[ coocaxneHus; 4) 3onb-renb npouecc. [NpumeHeHne 3onb-refb Npouecca B CUHTE3e
MaTepuanoB a8 HENMUHENHON ONTMKKN, BUOTEXHONOTMN N KOHBEPCUM CONHEYHOW SHEPTUN.
Vicnonb3oBaHvne TepMOAMHAMUYECKOrO KOHTPONS B BbICOKOHTANBMUA-HbIX peakLmsX:
camopacnpoCcTpaHAWNACS BbiICOKOTEMNEPATYPHbIA CUHTE3 (SHS), MeToa cropaHns. XvuMuyeckue
MeTo4bl CMHTe3a TBepablx Ten. Metoabl Markonm xumum (soft-chemistry, chimie douce):
nerungparaums, pasnoxeHune, penokCc-BHEAPEHNE UM -9KCTPAKLWS, NOHHbIA OOMEH, KNCNOTHOE
BblllenayvnBaHne, CUHTE3 rMAPVUAOB METANNIOB B3aMOLENCTBNEM MeTanna ¢ bopornapunaoom,
6rommHepanuaaums. Meton TBepa0da3HOro NPeaWeCcTBEHHMKA, NCMONb30BaAHNE NHANBUAYATbHBIX
BELWecTB 1 TBepAblx pacTBopoB. MeTton razogasHoro npegwecteeHHmka. Msarkue metobl CMHTE3a
N3 pacnnaeoB: NCNOMb30BaHNE HU3KOMNABKUX NONNXaNnbKOreHUO0B Weno4HbIX MeTanios u
9BTEKTMKM U3 rTMOPOKCUO0B HATpMa 1 Kanusa. Meton TonoxmMmnyecknx penokc-peakuunin. Ctparernm
NHTEepKansumm WenoYHbIX METansIoB B CIIOUCTblE N LenoYeyHble CTPYKTYPbl, 3aBUCMMOCTb
KOOPAMHALUMOHHOro OKpyXeHus ot npupoabl Metanna (Li, Na, K, Cs). Hosble cTpaterum
NHTEepKansaumm: HTepkansuns ¢ nonnu-mepusaumeit; MOHOANCNePrupoBaHne C PECTIKMHIOM,
nunnepuHr (pillaring). MeTo4 TONOXM-MNYECKMX MOHOOOMEHHbIX PEeaKkLii: NPOTOHHbIA 0OMEH U
0bMeH kaTnoHOB MeTannoB. Me-Toapl BbICOKOro aasneHus. mapotepmanbHble (fasneHune 1-10
k6ap) CMHTE3bI LLEONUTOB, antoMooCcHaToB, MUKPO- 1 ME3OMOPUCTbLIX TBEPAbIX TEN, CUHTESbI
rpynnbl Haushalter?a. CuHTe3bl npu noebiweHHOM aasneHun (10-150 kb6ap) n Tvnbl annapaTypbl: a)
annapatypa nopuweHb-unnnHap; 6) annapatypa Trna HakoBanbHW UNU MPOTUBOMONOXHbBIX
HakoBaseH; B) ?6ant?-annapartypa (belt ? nosc). MyTn cHMXeHns cBOOOAHOW SHEPrnK peakLuii nog
LaBne-HMeM: a) aenokanmaauust d-anekTpoHoB Yepes cbnmxeHne atomos; 6) ctabununsaums
BbICOKO-Ba/IEHTHbIX COCTOSIHWI; B) NOAABNEHNE CErHETO3NEKTPUYECKOro CMELLEHNS KATUOHOB; T)
N3-MeHeHne NPeanoyTUTENbHbIX MO3ULNIA KaTUOHOB; A) CHUXEHME Nonsapusaumnmn 6s2-an1ekKTpoHOB.
CuWHTE3bl NOA, BLICOKUM AABNEHNEM BELECTB C HEOOLIYHBIMM CTEMEHAMUN OKMUC-NEHNS U CMIMHOBLIMM
COCTOSIHUSIMU NEePEXOHbIX METaNN0B. YCKOpeHe peakuunin nog Aasne-H1UeM.

Tema 10. Oco6€HHOCTM CUHTE3a OpraHUYeckux TBepabix Ten. CUHTe3 HaHOMaTepuanos.
MonyyeHue aMmopdoHbIX BewecTB. O6LLMe MeToAbl BbipalLLMBaHWUSi KPYMHbIX KPUCTaNIOB.

npaktnyeckoe 3aHsitne (2 4aca(os)):
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[Mony4yeHne HeopraHMYyeckmx MaTepmuanos OyroBbiIM1 METOLAMWU: OOHOLYrOBOW METOL, TPEX-AyroBoWn
MeTOoL; OyroBOM TPAHCMNOPTHBIA METo, HacTblfibHOE nnaeneHne. MeTon XxmmMmn4ye-ckoro ocaxaeHus
13 raszoeoii gpasbl (CVD), npenmywecTtsa Metoga. OcobeHHOCTM CUHTE3a OPraHNYecKnx TBepabix
Ten: Nony4yeHne KOMMNNeKCcoB C MepeHOCOoM 3apsaa, NPoBOASWMX OP-raHNYeCKMX NoNMMepPoB
(nonvaueTtuneHa, NONMAHUANHA, NONMNNPPOna, NOANTUEHUNeHa). MonyvyeHme N 0CO6EHHOCTM
COCTOSIHUS MMKpOYacTuL 1 HaHoMatepmanos. MeToabl CMHTE3a MUKPOYaCTULL:
pacrblfieH1e-BbICyWBaHNE, 3aMOpPaxXnBaHne-BbICyWBaHNE, 30/b-Teflb NPOo-LEeCcc, Xnakoe
BbICylIMBaHWe, nuporenb-meton. Metonbl CMHTE3a HAHOKNACTEPOB: NCNApPEHVEe B MHEPTHOM
aTMocdepe, MEXaHNYEeCKOe pasMenbyeHne, na3epHblii NMPonM3, Nnponuna obnay-ka cnpes,
nnasMeHHas TexH1Ka, XMMmnyeckme Metobl (OKMCNEeHne TOHKMX YacTuL, OKCUMIO0B, COOCaxXaeHue,
NPUroToBNEHNE KONNMOUAHbIX PACTBOPOB, XMMUYECKasi NonMMepusauns n oca-xaeHve,
30/b-refb-NpoLece, co3naHne MUKPoaMynbcuii n muuenn). OcobeHHOCTM CMHTE3a ManbiX YacTuL,
METannoB: UCnapeHne B MHEPTHOM rase, nony4yeHne KONIouOHbIX MeTanioB BOCCTaHOB/IEHNEM
pacTBOPOB CONe, NCMOoNb30BaHWe AN 3TUX Lenen anekTpoHnaos. MeTo-abl nony4yeHns aMopgHbIX
BELWECTB (CTeKOoN): oxnaxaeHne nepeoxnaxaeHHbix Xnakmx gas (?cgpopmoBaHne? n3 pacnnasa,
nasepHoe CTEKNIOBAHNE), OCaXAeHNe 13 ra3oBoi goasbl, Apob-neHne-pas3ynopsaoieHne yoapom,
pasynopsaoyeHne obnyyeHmeM (MeTaMmMkToBble OOpPMbI), AeconbBaTtaums, reneocbpasoBaHue.
MeTonbl BbipawmBaHnsa KpUCTaNoB 3aTBepaeBaHeM N3 pacnnasa: Meto Hoxpanbckoro,
Tpexayrosoi meton, meton Kuponynoca, meton Bpuaoxme-Ha-Ctokbaprepa, meton BepHeiins,
MeTOoL nnasmMeHHON ropenku, MeTog nnasatwouer 30Hbl. MeToabl Kpuctannmsauum n3 pacTeopa:
METOLbl C MCMOJ/Ib30BAHMEM (OIHOCOB, r’MAPOTEP-MalbHble METOAbl KpUCTanmsawumm n3 BOLHOro
pacTBopa C UCMONb30BaHMEM aBTOKNaBa, Me-To4 rens. dNEeKTPONNTUYECKUA MeTO BbipallnBaHns
Kpuctannos. MeTtof rasoTpaHCnopT-HbiX XumMmuyeckux peakunn (CVT). MeTton ycnoBHom
Kpuctannusauuu. MeTton MonekynspHo-ny4eBo annuTakCum.

Tema 11. Tema4d: da3osble nNpespalLeHusi. TepmoauHaMmka cpa3oBbix Nepexonos. da3oBble
nepexoabl NepBoro u BToporo poaa. Teopus chasosbix nepexonos JlaHpay. Msarkue moabl.
Kputnuyeckue sieneHusi. CTpykTypHble uaMmeHeHuUs npu dpoa3oBbixX npespaLleHnsax. OCHOBHbIe
MeXxaHu3Mbl ¢pa30BbiX Nepexonos.

npakTudeckoe 3aHsitne (2 yaca(os)):

OnpegneneHve noHATUS ?¢0a30BbI Nepexon?. TepmoanHammka pasoBblx Nepexonos: paso-Bble
nepexonbl NepBOro 1 BTOporo poga. Teopus ¢oasosbix nepexonos JlaHaoay, napameTp nopsanka,
N3MEHEeHNe CUMMETPUM NPKU gas3oBbix nepexogax. Markue moabl n ponb nykTya-umin npu gpasosbix
nepexonax. CnekTpbl paccesHus HENTPOHOB 1 CBeTa B6IM3KN (pa30BbixX Ne-pexonoB (LEHTpaNbHbIE
nukn). Kputnyeckue SsBNeHNs 1 KpUtn4eckmne nHaekcol. Knaccugu-kaums goasosbix Nepexonos B
TEpPMUHAX pa3MepHOCTU CUCTEMbI U NapameTpa nopsaka. CTPyKTypHble N3MEHEHNS NPU ¢Da30BbIX
npespaleHnsax. Knaccugomkaums gpasosbix nepexo-aos no byprepy: a) nepexonpl, 3atparnsatowme
NnepByto KOOPANHALUMOHHYIO CAepy ? PEKOH-CTPYKTUBHbIE (MEeAJIEHHbIE) N AnnaTaunOHHbIE
(bbicTpble); 6) Nepexonbl, 3aTparneatoLmne BTOpyo 1 nocneayowme KoopamHaunoHHble cdepbl ?
PEKOHCTPYKTMBHbIE (MEONEHHbIE) 1 AMcnnacueHble (BbicTpble). Peppo- 1
aHTUPeppOaNCTOPCUOHHBbIE Nepexodbl. OCHOBHbIE Me-XxaHM3Mbl (Da30BbIX MEPexon0B: a) nepexobl
3apobiweobpasoBaHns 1 pocTa; 6) nepexonpl NOPsSLoK-6eCnopanokK; B) MAPTEHCUTHBIE NEPEXOIbI.
CnuHopanbHOE 1 39BTEKTOMAHOE pasno-xeHue TBepabix Ten. OcobeHHOCTM (ha30BbiX NEPEX0a0B B
OpraHnyecknx TBEpPAbIX TeNnax, Nepexonbl B napa-amxnopbeH3one n ManoHOBOW KACNOTE.

Tema 12. HecopaamepHble cha3bl. KoonepatuBHbin acpdpekT AHa-Tennepa. Nepexonbl Mexny
cnuHoBbIMU cocTosiHUSIMU. Me3ocha3bl. [nacTuyeckoe Kpucrannmyeckoe COCTosiHMe.
XXupokue KpucTtannbl: HemMaTuyeckue, xonecrtepuyeckme n cmekTtuyeckue cpasnl. dasosble
nepexoabl B CTEKNax.

npaktnyeckoe 3aHsitne (2 4aca(os)):
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Hecopa3amepHble goasbl. Cnocobbl hopMnpoBaHNS HECOPa3MEPHOCTU (has: a) cocTaBHas
Heco-pa3MepHOCTb; 6) AncnnacMBHas HECOPa3MEPHOCTb; B) CAMOYNOpPsA0HeHNe fedpeKTOB.
Obpa-30BaHne HecopasMepHbIX oas B MoAeny oaHOMepHbIx MeTannos lMaepnca-dpenvxa, BOMHbI
3apagoson nnotHocT (CDW), ruraHtckas aHomanns KoHa. HecopaamepHble goasbl B
K2Pb[Cu(NO2)6], K2SeO4 1 MoHOCNOWHbIX rpadonToBbiX MHTEpKanatax. JduHammyecknin n
crtatmyeckui agodpekTbl AHa-Tennepa, koonepaTtnsHbIn adoekT AHa-Tennepa. Koonepartue-Hblii
adpgoekT AHa-Tennepa B P33-UMpKoHax, WnNuHensx n neposckuTtax. lNepexonbl Mexay CMHOBLIMK
cocTosiHnaMM B coeamHeHusix xenesa(ll, ) n kobanbta(lll), BNMsHWe Ha TeM-nepaTypy nepexona
nasneHus n gonuposaHus. Mesogoasbl. [lnacTnyeckoe kpuctannnyeckoe coctosaHmne. Xnaokme
KpUCTannbl: HeMaTu4yeckme, xonectepmnyeckme n cmekTndeckme gasol. OCoOBEHHOCTU CMEKTUHECKMX
goas. lNapameTp nopsaka B XMOKOKPUCTANINYECKMX dpadax. DH-Tanbnus nepexona B
XungkokpucTtannnyeckoe coctosiHme. Ksasmxunakme kpuctannibl. daso-Bble nepexonbl B CTeknax.
Temnepartypa cteknosaHus (Tg) n Temnepartypa TepMmoanHammye-ckoro nepexona B crekna (To).
Mapanokc KosmaHa (Kauzman?a) u ero peweHune. KOHpUry-paLmMoHHas SHTPONUS B CTeKnax.
CreknokpucTanbl, AUNONbHbIE CTEKNA, 3aMOPOXEHHOE XUOKOKPUCTANNNYECKOE COCTOSHNME.
[MpakTnyeckoe npnMeHeHne pasoBbiX Nepexonos.

Tema 13. Tema5: L echeKkTbl B TBepabiX Tenax. ToyeyHble aedpektbl No dpeHkento n LLoTTkw.
PaBHOBecue TouyeuHbix aedekToB. [apaanekTpuyeckme n MmoneKynsipHble npumMecu. LLeHTpbl
okpacku. lucnokauuu. NnaHapHbie aedeKThbl.

npakTudeckoe 3aHsitne (2 yaca(os)):

YeTblpe TMNa oedekTos B TBEPAbIX Tenax. HectexmomeTpnyeckne coenHeHns n Teepaple
pac-TBOpbI Kak ux mogenu. ToyedHble gedoekTbl: napbl No WoTtTtku, nedektol no dpeHkento,
anno-BaneHTHbIe NpPUMecK, ? 1 Ux pPosb B 3NeKTponpoBoaHOCTUN. OLEHKN 3Hepruii obpas3oBaHus nap
no WoTTkM 1 noHHOM Murpaumn. PaBHoBeCHE TOYEYHbIX OeEKTOB N KBA3UXUMNYECKNE peak-Lnn B
NPUMEHEHMM K OKCMOAM 1 ranoreHmaam Metannos. [apasnekTpnyeckne n Monekynsap-Hole NPprUMeCH.
LleHTpbl okpacku: F-ueHTpbl, F+-, F--, F3-, R- n VK-ueHTpbl, npumeHeHne SlMNP gns mnx
nccneposanus. ucnokauuun: kpaesble U BUHTOBbIE Aucnokaumn. BekTop n koHTyp Broprepca.
CoBepleHHbIE N HECOBEPLLEHHbIE (YaCTUYHbIE) AMCNOKaUMK, YaCcTUYHbIEe aucnoka-unn dpaHka n
Woknu. Ponb aucnokaumi B XMM4ecknx peakumnsax. lNnaHapHole neekTbl: KO-repeHTHble,
HEKOrepeHTHble 1 NONYKOrepeHTHbIE rpaHuLbl pasaena. Jedektol ynakosku UK nam 1Y,
rpaHuLbl ABOVHNKOB, KOMHCUAEHTHbIE, aHTU(DA3HbIE N JOMEHHbIE FPaHULLbI.

Tema 14. Baumogencreue aedektoB. YnopsanodyeHue ToYeyHbIX nedhekToB u
CcBepXxcTpykTypbl. Kpuctannorpadonueckuu coBur. BnoyHbie n 6eCKOHeYHO apanTuBHbIe
CTpyKTypbl. MpopactaHmne Kpuctannos. MedekTHble NepoOBCKUTHbIE OKCUAbI.

npaktnyeckoe 3aHsitne (2 4aca(os)):

YnopsanoyeHme To4eYHbIX ePEKTOB 1 CBEPXCTPYKTYpbl. Pasbl Cyaykn. CBEpXCTPYKTYpbI
Xanb-KOreHnaoB n kapbnnos metannos. CBEPXCTPYKTypbl OKCUAOB TUTaHa, BAHAAMS N Xeneaa,
kna-ctepbl Koxa-KoyaHa. CBepxCTpyKTypbl Ha OCHOBE (hntooputa ¢ N36bITKOM Mnm AeomumnTom
aHW-OHOB: knacTtepbl beeaHa, knactepbl Ynnnuca. Kpuctannorpadguyeckuii casur (cs) no Yoacnu:
nnockocTtu ¢s B cTpykTypax tuna ReO3 n TiO2. bnoyHble CTpyKTypbl. BNOYHbIE CTPYKTYPbI OK-CUA0B
HMobus. BeckoHeYHO afanTyBHbIE CTPYKTYPbI C MIOCKOCTSMY 1 6e3 NNocKocTei
Kpu-ctannorpaguyeckoro casura. lNpopactaHue KpucTanios: NEPUOLNYECKOE 1 HENepmnoanyeckoe
npopactaHue. Tunbl 4edekToB B NePOBCKMTHbIX okcnaax ABO3: BakaHCum B no3numsax A,
aHW-OHAEMUUNTHAS N aHNOHN3OBLITOYHAS HECTEXMOMETPUYHOCTD.

Tema 15. Tema6: B3aaMocBsA3b MeXay CTPYKTYpOM U CBOMCTBaMM Kpuctannos. OnucaHue
3N1eKTPOHHOW CTPYKTYpbl TBEpObiX TeN B 30HHOW MOo4eNun, MoaensiX 1o0Kann3oBaHHbIX
3/1eKTPOHOB, XMMMYECKOWN CBA3U U KnacTtepoB. MarHMTHble CBONCTBa KPUCTasOB.
AnekTpuyeckue CBOMCTBa TBEPAbIX Tel.

npakTnyeckoe 3aHsitne (2 4aca(os)):
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YeTblpe Mooenn onucaHns CBOMCTB TBEPAbIX TeN. 30HHAs MoAeNb, 30Hbl BpnnnioaHa, ypoBeHb
depmun. Moaenb NoKann3oBaHHbIX 3N1EKTPOHOB, HoMbLlWMNe U Manble NONSPOHbI. Moaenb XMMn-4eckoi
cBa3u no 'yguHady, aHeprus nepeHoca (bij), koHuenTyanbHble pa3oBble guarpammbl. Mooenb
KnacTtepos, yYeT KOHJUrypaunoHHbIX B3auMOOENCTBUIA N COCTOAHUIA C MEepeHOCoM 3a-psaaa.
dursnyeckne CBOMCTBA TBEPObIX TEN: PaBHOBECHbIE, CTaLUMOHAPHbIE, TMCTEPE3NCHbIE U
He-obpaTuMble. MarHuTHble cBOMCTBa TBEpPAbIX TeN. [lna- n napamarHetTnam, 3akoH Kiopu-Belica
(koHcTaHTa Beiica), BaH-gonekoBckuii napamarHeTnam, marHetuam MNaynun. ObmMeHHoe
B3aVMO-AeNCTBUE: NMPSIMOI 1 KOCBEHHbI 06MeH (cynepobmeH 1 obmeH no mexaHnamy RKKY).
OCHOB-Hble TUMbl MarHeTN3mMa B TBEPbIX TENax: AnamarHeTu3Mm, ngeanbHbii napamarHeTuam,
doeppo-MarHeTn3am, aHTMdeppoMarHeTnam, pepprumarHeTnam. renumarHeTnam, cnabbli
doeppomarHe-Tn3m, MeTamarHeTusm, cyreprnapamMarHeTusm, criepoMarHeTu3m, MUKTOMarHeTu3m u
CMVHOBbIE CTEKNA. DNEKTPMYECKne CBONCTBa TBEpAbIX Ten. [1poBOAMMOCTb METaNOB, paccesHne
3NeK-TPOHOB Ha POHOHAaX 1 aedpekTax peweTku. NMpoBoanMOoCTb COOCTBEHHbIX U HECOBCTBEHHbIX
no-nyrnpoBOAHNKOB C AeNoKanM30BaHHbIMU HOCUTeNsSMU. [1poBOANMOCTb NONYNPOBOLHMKOB C
N10-Kann30BaHHbIMU HOCUTENAMN (XOMMUHI ManbiX NONSPOHOB). B3anMocBasb Mex oy
9NEeKTPOnpPO-BOLHOCTBLIO U MACCOMNEPEHOCOM MOHOB, COOTHOWEHNE HepHCTa-OnHWTERHa,
OTHOWeHMe Xa-BeHa. CBepxnpoBOAMMOCTb. B3aMMOCBA3b MEXAY SHTPOMUEN N 9NEKTPOHHOM
TENI0EMKOCTbIO B CBEPXMPOBOASALEM COCTOSHUN. BnusHmne MarHMTHOro nons Ha
CBEpPXMNPOBOANMOCTb, 3d0dekT MeiccHepa-Ox3eHdenbaa, Buxpu AbprkocoBa, 0CoOBEHHOCTM a3
Wespens. Teopus ceepx-nposogumocTtn bapanHa-Kynepa-Lpndgpepa (BKL), kyneposckue napsbi.
BbicokoTemnepaTyp-Hble OKCUOHbIE CBEPXNPOBOAHNKMN: CTPYKTYPHbIE 0CODEHHOCTU KynpaTHbIX
CBEPXMNPOBOAHNKOB, MEXaHN3M CBEPXMNPOBOAUMOCTHU B Kyrparax.

Tema 16. CBepxnpoBoAMOCTb. [lManekTrpmyeckme u onTuyeckmne CBOMCTBa KpUCTansnos.
MNMepexonbl MeTann-HemeTtann Mmexny genokann3osaHHbIMM COCTOSSHUSIMU, MOTTOBCKUE U
aHpepcoHoBCcKue nepexoabl. CMellaHHO-BaneHTHble coeanHeHns. HuskopaamepHblie
TBepAble Tena. deppounku. PeppoanekKTpuku u aHtucpeppoaneKTpmku. Ocob6eHHOCTH
amMopdpHbIX TeN U XNOKUX KPUCTaNnos.

npakTudeckoe 3aHsitne (2 yaca(os)):

HOwnanekTpuyeckne cesonctea TBepabix Ten. [Nongapusauns cpenbl, ypasHeHne Knaysnyca-MoccoTtTu,
BpeMms penakcauun Llebas, KOMnnekcHas AuanekTpuyeckas NpoHNLAEMOCTb, CTaTU-4eckas u
onTMyeckas oguanekTpuyeckne KoOHCTaHTbl, 3akoH Kiopu-Beiica (temnepaTtypa Kiopu). Baanmocessb
MeXAy KOHCTaHTOM pacnpocTpaHeHNs 3N1eKTpoOMarHUTHOW BOJHbI, AN3NEKTPUYE-CKON
NPOHMLLAEMOCTbIO Cpefbl N OEeNCTBUTENbHON U MHUMOW YacCTbio nokasartens npenomMne-Hus.
OnTtuyeckne cBoicTBa TBepAbIX Ten. MornoweHne cnabocBa3aHHbIX 9NEKTPOHOB (MEX-30HHbIE
nepexombl), NOrnoweHne CUIbHOCBSA3aHHbIX 3NEKTPOHOB, Nepexodbl 0T AOHOPHbIX U aKLEeNTOPHbIX
npuMecei B NONyNPoBOAHMKAX, MONOCHI NOrNOWEHNS OT 3KCUTOHOB, PEKOMOM-HaUMS nap
9NEeKTPOH-AbIpKa C NopoXaeHnem OOHOHA 1 NtoMUHEecLeHUmen. Heynpyroe pacces-Hue nanyyeHus
B TBEPAbIX Tenax, acpdpekT PamaHa. JlazepHoe nanyyeHve, pybrHoBbIA nasep v nasepbl Ha
NonynpoBOAHNKOBbIX Anodax. HennHeHble 3aBUCUMOCTY NONSpM3aumm OT 3NeK-TPUYeckoro nons B
nasepHblx ny4ax, reHepaums sTopbix rapMoHuk (KH2PO4). Nepexoabl Me-Tann-Hemetann: a)
nepexonpl B KpUCTanIax Mexay 30HHbIMU COCTOSIHUSIMU C UBMEHEHUSIMU B CTPYKTYpE; 6) MOTTOBCKIIA
nepexon Mexay AenoKanm30BaHHbIMU 1 NIOKANN30BaHHbIMU COCTOS-HMSAMI B KpucTannax; 6)
aHOEepPCOHOBCKUIA Nepexon Mexay AenoKanu3oBaHHbIMU U TOKaNN30-BaHHBbIMU COCTOSIHUSIMA B
HeKpucTannmyeckux Teepapix Tenax. AHOEepCOHOBCKAs nokanusauns, MexaHn3m npoBoANMOCTU CO
ckaykamu nepemeHHoi onuHbl (VRH). Kputepun nepexona me-tann-Hemetann no Xabbapay, Motty
n Nepudpenbay. CMmewaHHo-BaneHTHble coeanHeHmns (CBC). Tpu knacca CBC B 3aBucnMocTu o1
KoadppuLmMeHTa BaNeHTHOM aenokannsaumm, conb Kpentua-Taybe (Creutz-Taube).
Hu3kopasmepHble TBepable Tena: LenoYyeyHble U CNoUCTble CO-eAMHEHUS, KpacHas Conb
Bonbhpama. deppovnikn: epposanekTpukn (CErHeToaNeKTprKkn), doep-pomMarHeTukum,
heppoanacTuky (CerHeToanacTuku). MNepBryHble N BTOPUYHBbIE HEPPOVKM, Bbl-paxeHne cBOOOLHON
aHeprum ans pepporkoB. CoBCTBEHHbIE N HECOOCTBEHHbIE heppOonKn. DPeppPOaNEKTPUKN,
Mbe303NEKTPUKN, MMPOINEKTPUKUN, aHTUDEPPOINEKTPUKN, (DA30BbIE NEPEXO-AbI B TUTAHATE Bapus.
AnekTpoonTunyeckme matepuansl, agdpekTbl MNokenca n Keppa. OcobeH-HOCTN XUAKUX KPUCTaNNOB,
aHN30TPONMs nokasarens NPenoMNeHns, AN3NeKTPUYECKON KOH-CTaHTbl 1 OPUEHTaLMOHHOW
yrnpyroctu
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Tema 17. Tema7: TeepoocpasHbie peakumun. Knaccudoukaums teepaodasHbiX peakLui.
Peakuuun, BknrovatoLime TonbKo ooHy TBepayto dpasy. Tonoxummyeckue u Tonotaktuyeckume
npoueccol. Peakuuu TBepaoe-ras, Tsepaoe-Tsepaoe U teepaoe-xuakoctb. lNpouecchl
MHTepKanauun. Peakuuu opraHnyeckux Teepabix sewiects. MexaHM3Mbl BaXHEULLIUX
TBepaoda3HbIX peakLn.

npakTnyeckoe 3aHsitne (2 4aca(os)):

Tunbl TBEPOOMPA3HbLIX peakuuni. JiumuTupyowmne ctaagmm TeepaodasHblX peakumii, agodekT
Xepn-ana. Peakuuu, Bknoyawowme ooHy TBepayto dasy: onmcaHne S-o6pasHbiX KUHETUYECKNX
3aBu-cumocTen, ypasHeHns Aspamu-Epodoeesa u lNpayrta-ToMnkuHca, nprMepbl TONOTaKTUYECKNX
peakuuin. Peakuun tBepaoe-ras: napabonmyeckuii 3akoH CKOpocTh U Moaenb BarHepa. Peakuun
TBEpPLOE-TBEPAOE: Peakuuy NPUCcoeanHeHns n obMeHa, KNHeTNKa peakuuii ¢ y4acTueM MOHO- 1
nonukpuctannos. Peakunn TBepooe-XunakocTb: 0bpasoBaHne Cnosi Ha NOBEPXHOCTU, pacTBoOpe-H1e
B XXMIOKOWN gpase, npouecchl MHTepkansaumn. Peakunmn opraHM4yeckmx Teepabix Ten: otnnyve ot
peakumni HeopraHnyecknx Teepabix Ten, poToaumMepunsaLnms TpaHC-KOPUYHbIX KACOT,
no-nuMepusauuns 2,5-ouctTupunnupasnHa, nonuMepnsaumns amaueTuneHoB, acuMMeTpuyeckmne
CVIH-TE3bl B XUpasbHbIX KpUcTannax, MHAyLunpoBaHWe XMpanbHOCTM CENEKTUBHBIMU LobaBkamu,
cTe-peocneumguryeckue peakumm BHeOpeHNS ?roctein? B CTPYKTypy CTEPOMIOB, pasaeneHune
9HaH-TUOMEPOB Ha OPraHNYeCcKnX XmpanbHbIX KpUCTannax, yckopeHme peakumin nog AencTBuem
BHYTPEHHEro AaeneHuns KkpucTanna.

Tema 18. Ouchcpy3usa B TBepabix Tenax u ponb aedoekToB B TBepaodasHbIX peakLusX.
KunHeTnyeckue Mmoaoenu n ypasHeHUs1 uaorepmumyeckon kuHetuku. Monenu c
numutuposaHueMm gucpdoysven, B3amumMonencTeueM Ha rpaHuue paspena pas n
3apoablleobpa3oBaHueM. AKTUBHOE COCTOSIHUE peareHToB U ero posib B TBepaodhasHbIxX
npoueccax. eTeporeHHbIN KaTtanums.

npakTnyeckoe 3aHsitne (2 4aca(os)):

YnpasneHve peakuMoHHOM CNOCOOHOCTbIO OPraHNYeCKNX TBEPAbIX TEN: TEXHMKA OpraHM3aunm
Kpuctanna. [[eTeporeHHbI Katanus: akTUBHOCTb 1 CENEKTUBHOCTb KatanmaaTopa; karanmsaro-phbl,
AncnepruposaHHble Ha NOAJIOXKE; CUNbHOE B3ammogencTeue metann-Hocutens (SMSI). Mprmepsl
NPOLLECCOB C reTeporeHHbIM KatanusoM: KPEeKUHT yrnesoa0ponos B NPUCYTCTBAM BOAOPOAA,
rmapogecynbgypusaunsa Hedptn, nonydyeHme metaHa n3 CO n H2, cuHTe3 ammmaka, CUHTE3
dunwepa-Tponwa (rnapuposaHne CO), okncnenme CO B aBTOMOOUIbHBIX OTXOAAWMX rasax,
nonumepusaums aTuneHa u nponuneHa (c katranusatopom Liurnepa-Harra), ammookuc-neHme
nponuneHa (MexaHn3m peakumu ¢ monubnartamm BucmyTa). LleonmTbl kak katannaartopbi:
CENEKTMBHOCTb MO peareHTy, NpoayKTy 1 NePexoaHOMy COCTOsHMIO0. OCObeHHOCTN KaTannsa
neHtacunom H+ZSM-5.

4.3 CTpyKTypa 1 copgepXxaHume caMOCTOSITe/IbHOM paboTbl AUCLUMIUHBI (MOLYNSA)

Buabl
N Paspen Cemect Hepens | camocTosiTensHon [TpyA0eMKOCTb ;&%T::L:?:;Ezg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260Tbi
CTyOEeHTOB P
Tema 1. Temat:
CTtpoeHune TBEPObIX TEN.
NoOAroToOBK
1 CunmmeTpus v 1 ugﬂa?ugerc? 5 JomalHee
" [KpucTannos. 3ananHmus 3apjaHve

Xnmmnyeckas cBs3b B
TBEpObIX Tenax.
Tema 2. Cuctematumka
CTPYKTYP noaroToBka

2. |HeopraHmn4yeckumx 7 2 JOoMallHero 2 ggz::];:e
coeanHeHnin. Cunukarol 3a0aHus
1 aniOMOCUIMKaTbI.
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Buabl
Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb ;%%%::):?:;Ezg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTYyAOEeHTOB P
Tema 3.
HecssasbiBawowume
B3aMMOLENCTBUA B
MOHHbIX KpUcTannax.
Monutnnunam. noAroToBka
. |OpraHnyeckune 7 3 JOoMallHero 2 ggx:;”;:e
Kpuctannbl: doynnepeHbl 3apaHug
N POACTBEHHbIE
MaTtepuanbl, KOMMAIeKchbl
C NepeHoCcoM 3apsaa.
Tema 4. CoeguHeHuns v 4 Egﬂ;ﬂg:r'(g 5 nomalHee
" |BKIIIOYEHUS 1 KnaTparbl.
noye nartpa sanaHms 3apaHue
Tema 5. Am Hbl
ema 5 OppHbIE no4AroToBka OMALHEE
. [TBEpOble Tena. 7 5 |momalwwHero 2 sanaHve
Keaaukpucrannsl. 3apaHug
Tema 6. KBasnyactumubl
n
B KpucTtannax: qoOHOHbI, v 6 ggﬂ;ﬂgeBrKg 2 JomaluHee
" [MarHoOHbI, 3KCUTOHDI, sanaHms 3agaHwue
NONSPOHbI, COMINTOHbI.
Tema 7. Tema2: Metonpl
nccnenoBaHus
KpucTannos.
PeHTreHoBckas,
9NEKTPOHHAasa n
HenTpoHHas noaroToBka
. [Angopakuus. 7 7  |oomalwHero 2 ggxg:JMHeee
ONeKTpoHHas 3agaHug
MUKPOCKOMUS.
PeHTtreHoBckas
ancopbumoHHas
cnektpockonusa (EXAFS
n XANES).
Tema 8. OnekTpoHHas
cnekTpockonus (XPS,
UVPS, AES, EELS).
Cnextpockonusa AMP n
NnoaroToBk
OlNP. AncopbumnoHHas, 2 8 ugﬂaijﬁerg 5 IoMmallHee
" |donyopecueHTHas, K- 3ananHns 3a0aHune
n KP-cnektpockonus.
30HO0Bas MUKpOCKONKMS
(STM, AFM).
PerunctpaumoHHbIii Homep 73513 DAEKTPOHHBIH
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi

caMoCTOsITe/IbHOM

paboTbl
CTY0EeHTOB

TPYyBOEeMKOCTb|
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

Tema 9. Tema3: Metonbl
CUHTE3a TBEPLbIX
BewecTs. [lonyyeHne
HeopraHn4yeckmnx
mMaTepuanos
KepamMmnyeckunmu,
XUMUNYECKUMUN U
yroBbIMM METOOAMM,
NPUMEHEHME BbICOKOIo
DaBNeHns, HACTblNbHOIO
nnaBneHns un
XUMNYECcKoro
ocaxOeHuns n3 rasoBow
gasbl (CVD).

noaroToBka K
TEeCTUpPOBaHUIO

TecTnpoesaHune

10.

Tema 10. OcobeHHOCTH
CVHTE3a OpraHn4yeckmx
TBEpAbIX Ten. CnHtea
HaHoMaTepuanos.
[Mony4yeHne amopgHbIX
BewecTs. Obwune
METOLbl BblpallBaHMs
KPYMHbIX KPUCTANSIOB.

10

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne

11.

Tema 11. Tema4:
dasosble
npespaLeHns.
TepmoaonHamuka
pa30BbIX NepPexonos.
da3zoBble Nepexoibl
NepBoro 1 BTOPOro
pona. Teopus pazosbix
nepexonos JlaHpay.
Msrkue moapl.
Kputnyeckne ssneHus.
CTpyKTypHble
N3MEHEHNS NP
pa30BbIX
npeBpaLleHnsX.
OCHOBHblE MEXAHU3MbI
pa30BbIX NepPexonos.

11

noaroToBka
JomMallHero
3a4aHns

JomMallHee
3agaHune

PernctpaunoHHbin Homep 73513
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi

caMoCTOsITe/IbHOM

paboTbl
CTY0EeHTOB

TPYyBOEeMKOCTb|
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

12.

Tema 12.
HecopaaMmepHble ¢oasbl.
KoonepatusHbIi
adpgpekT AHa-Tennepa.
MNepexonbl Mexay
CMMHOBbLIMM
COCTOSIHUSAIMM.
Me3zodhasbl.
MnacTtnyeckoe
KpucTannnyeckoe
cocTosiHue. Xuakme
Kpuctannsbi:
HemaTunyeckue,
XonecTepuyeckme un
CcMeKTuyeckme asbl.
da3zoBble Nepexobl B
cTeknax.

12

noarotToBka
JomallHero
3aaHns

JomMallHee
3anaHune

13.

Tema 13. Tema5:
HedekTbl B TBEPAbIX
Tenax. ToyeyHble
nedektbl No PpeHkento
n WotTtkn. PaBHOBeCKe
TOYEYHbIX OedeKTOoB.
[MapasnekTpuyeckme n
MONEKynsipHble
npumecw. LieHTpobl
okpacku. ucnokauumw.
[MnaHapHble nedekTbl.

13

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne

14.

Tema 14.
Baaumopencteune
NeqoeKToB.
YnopsnoyeHue
TOYeYHbIX 0edPeKToB 1
CBEPXCTPYKTYpbl.
Kpucrtannorpaduyecknig
caBur. bnoyHble n
6eCKOHEYHO
afanTuBHbIE CTPYKTYpbI.
MpopacTaHue
KpucTannos.
HedekTHble
NEePOBCKUTHbIE OKCUAbI.

14

noaroToBka
JomMallHero
3a4aHns

JomMallHee
3agaHune
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TpynoeMKOCTb
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

15.

Tema 15. Tema6:
B3aunmoces3b Mexay
CTPYKTYpOWn 1
cBovicTBaMu
Kpuctannos. Onucaxue
3NEKTPOHHOWM CTPYKTYpHl
TBEPObIX TEN B 30HHOW
MOJLenu, Mmogensx
NI0KanM30BaHHbIX
3NEeKTPOHOB,
XVIMWUYECKOW CBA3M U
knactepoB. MarHuTHble
CBOWCTBA KpUCTanos.
InekTpuyeckme
CBOWCTBA TBEPAbIX TEN.

15

noarotToBka
JomMallHero
3a4aHns

JomMallHee
3anaHune

16.

Tema 16.
CBepxnpoBOANMOCTb.
HunanekTtpuyeckme un
onTunyeckmne CBOMNCTBA
Kpuctannos. Nepexonbl
MeTann-Hemetann
mMexay
NenoKann3oBaHHbIMU
COCTOSIHUSIMMU,
MOTTOBCKME U
aHLOepCOHOBCKME
nepexonbl.
CMelwaHHOo-BaNeHTHbIE
COeONHeHus.
Hwu3kopasmepHble
TBEPAbIE TENA.
deppomkn.
DeppoanekTpukmn n
aHTNEPPO3NEKTPUKN.
OcobeHHOoCTH
aMOpPQOHbIX TEN U

XKNOKNX Kpuctannos.

16

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TPYyBOEeMKOCTb|
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

17.

Tema 17. Tema?:
TeepoogasHblie
peakumm.
Knaccudumkauns
TBEpaoasHbIX
peakuunin. Peakumw,
BK/tOYAKOWME TONbKO
OLHYy TBEpAOylo goaasy.
Tonoxnmuyeckne n
TONoTaKkTUyeckmne
npoueccol. Peakunmn
TBEpOoe-ras,
TBEpAOEe-TBEPLOE U
TBEPOOE-XNIOKOCTb.
Mpoueccnl
NHTEPKanaumm.
Peakuuun opraHnyeckmx
TBEPObIX BEIWECTB.
MexaHn3Mbl BaXXHENLWNX
TBEpaodasHbIX
peakumi.

17

noarotToBka
JomMallHero
3a4aHns

JomMallHee
3anaHune

18.

Tema 18. Oudpcpysus B
TBEpObIX Tenax v posnb
nedekToB B
TBEpPOOdPa3HbIX
peakumsx.
KnHeTtnyeckme monenu
N ypaBHEHUS
N30TEePMUYECKOMN
KuHeTtukn. Mogenu ¢
NUMUTUPOBAHNEM
Andcpysuen,
B3aMMOOENCTBNEM HA
rpaHuue pasnena as
n

3apoblweobpasoBaHmem.

AKTUBHOE COCTOSIHME
peareHTOB 1 ero posnb B
TBEpPOOdPa3HbIX
npoweccax.
["eTeporeHHbIn KaTanums.

=

18

noaroToBka K
KOHTPOSIbHOM
paboTte

KOHTPO/NbHAs
paboTta

NTtoro

36

5. O6bpa3oBarenbHble TEXHONOMMU, BK/IHOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs
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Kaxnas nekumsi ConpoBoXAaeTcs AeMOHCTPpaLMein NnocTpaTuBHbIX MaTepranos ¢
NCMONb30BaHNEM NMPOEKLMOHHON TEXHUKN 1 06a3aTenbHbIMU 3anncsiMmn Ha Jocke. HekoTopasi yacTb
NEKLMOHHOro Kypca NpoBOAUTCS B PeXUMe Ouanora yuymtenb-ydeHuk. [Nocne 3aBeplueHnst Kaxoom
neKkuun CTydeHTbl MonyyatoT OoMalHue 3a0aHust U Bce UNNcTpauuy npowenweii nekuum B
3NEeKTPOHHOI chopMe, a TakxXe Hambonee BaxHble MaTepuanbl Kypca B neYatHoMm Buae. Benay
OrPaHNYEHHOCTU ayoMTOPHBIX 3aHATUIA U BONbLIOro 06 bemMa caMoCTOSITENbHOM PaboThl CTyNeHTaM
NpenocTaBnsieTcsi BO3MOXHOCTb KOHCYNbTMPOBATLCS C IEKTOPOM B HA3HAYEHHOE BHeayAMTOPHOE
BPEMSI.

6. OueHOYHble cpeacTBa AJisi TEKYLLLEro KOHTPOJISl yCreBaeMoCTu, MPOMeXYTOUHOM
aTTecTauum No UToram OCBOEHUs AUCLMMIMHBI U yYeOHO-MeToaMYeckoe obecneyeHune
CaMOCTOSsITe/IbHOW paboThl CTYAEHTOB

Tema 1. Temal: CtpoeHune TBepabix Ten. CummeTpnsa Kkpuctannos. XMMuyeckas CBsisb B
TBepObix Tenax.

nomallHee 3aaaHve , NpUMepHble BOMPOChI:

PaccMoTpeTb BCe onepaumnm n aneMeHTbl ?3akpblTOA? U ?0TKPbITOA? cuMmeTpumn. Onucatb ToYeYHble
M NPOCTPAHCTBEHHbIE rpynnbl cUMMETPUU. CpaBHUTL 0603HAYEHNS rPYNN CUMMETPUM B CUCTEMAX
Wéngonnca n NepmaHa-MoreHna. Onucatb nepapxmio TodedHbix rpynn. Onucatb cemb
Kpuctannnyeckmx cucteM. PaccMmotpetb YeTbipHaauath peweTtok bpase. Onucatb
MPOCTPaHCTBEHHbIE rPynmbl, UX 0603HAYEHNS 1 CNOCOObI X OTHECEHMS K KPUCTANINYECKM
cuctemaM. PaccmoTpeTb onepaunto aHtucummetpum LLybHmkoBa, UBET-HbIE UM MArHUTHbIE TPYMMbI.

Tema 2. CuctemaTvka CTPYKTYp HeopraHu4eckux coeguHeHun. Cunmkartbl U antoMoOCUNUKarTbl.
OooMallHee 3aaaHve , NpUMepHble BOMPOChI:

PaccmoTpeTb Tunbl CBA3M B TBEPObIX TENaX: MOHHbIE, KOBANIEHTHbIE, MeTanInyeckume,
BaH-nep-BaanbcoBbl 1 BOLOPOLAHbIE, - UX CXOACTBO U oTAnyus. OnucaTb napameTpbl NOHHOCTM
cBsA3u B kpuctannax no MNonuHry n dunnuncy. Onucatb OCHOBbI 30HHOW Teopuun. NMpueecTn
BblpaxeHus ons aHepruin Keesoma, [ebas n NloHgoHa. 3anucaTb noteHuman JleHHapa-IxoHca un
napHble aTOM-aToMHble noTeHumanbl Kutanropogckoro. OxapaktepunaosaTb 3Ha-4eHME BOLOPOLHOM
cBsi3K B XmBoW npupone. Onncatb 6a3oBble CTPYKTypbl coeanHeHunin A2B3, AB3, ABX3, A2BX4,
AB204 (wnuHenn n ?0bpauweHHbie? wnuHenu), A2B207 (NMpoxnopbl), OKTasapuyeckme TyHHeNbHble
CTPYKTYpPbl: OKCMAHbIE OPOH3bI, BONbpamMoBbie 6poH3bI, dhocdaTHble BONbpamMoBble OPOH3bI,
TUTaHOBble 6pPOH3bl. OnrcaTtb TUMbl NAMENNAPHbIX CTPYKTYp. Onncatb CTPYKTYpbl CUSIMKATOB U
anMOCK-NIMKATOB, BK/OYAs OPTOCUAMKATbI, MMPOCUANKATbI, CUAUKaTbl C KONbLEBbIM MOHOM Si3096-,
MMPOKCEHbI, aMpnbonbl, UNNOCUNNKATLI, TMNHUCTbIE MUHEPAbI, CMIOLbI.

Tema 3. HecBsiabiBaloLLLMe B3aUMOAENCTBUS B MOHHbIX KpucTannax. Monutunuam.
OpraHudeckue Kpuctanibl: oynnepeHbl U poACTBEHHbIE MaTepualbl, KOMMIEKCbl C NEPEHOCOM
3apspa.

JoMalllHee 3a4aHune , npnMepHbie BOMNPOChHI:

PaccMoTpeTb TpexMepHble cunnkaTbl 1 antoMOCUINKaTbl, BKAKOYAs NOMEBble WhaThbl, yAbTpa-MapuvHbl,
ueonutbl. OnNMcaTb HOBbIE aHANOMM LEeONUTOB, TEMMNATHbI CUHTE3 MUKPOMOPUCTLIX 1 ME3ONMOPUCTbBIX
TBEpAbIX Ten. PaccMoTpeTb n3o- 1 retepononumetannartbl. OnucaTtb NPUPOo-4y HECBA3bIBAKOLWMNX
B3aMMOIENCTBUA B MOHHBIX KpUcTannax. PaccMoTpeTb 3HaYeHe KOH-LenNLMm SNeKTpocTaTnyeckom
CUNbl CBA3U A1 ONUCAHUS CTPYKTYP COeQUHEHUI KPEMHNS. PacCMOTpeTb HOBble B3rnaabl Ha
CTPYKTYpPbl HEOPraHN4eCckux TBEPAbIX TeN: CTPYKTYPbl KOH-AEHCUPOBAHHbLIX METaNN0KNacTepos;
CTPYKTYpbl, CBA3aHHbIE KpUCTannnorpauyecknmm one-paumnsMmn; CTpyKTypbl U3 ynakoBoK
LBYMEPHbIX NIOCKNX CEeTOK (CeTok Karome); CTpyKTypbl U3 yNakOBOK CTEPXHEN U HUTE.
PaccmoTtpeTb 0COBEHHOCTM NOAUTUNM3MA U CTPYKTYpPbI No-nntunos ZnS, CdI2, Pbl2, cnomcTbix
AMXanbkoreHnaoB, CUNMKaToB, MEPOBCKUTOB. PaccMoTpeTb CTPYKTYpPbl OpraHM4yecKnx KpucTanos.
Onucatb Mogenb ynakoBoOK Hecthepumyeckux monekyn Kutanropoackoro. PaccMoTpeTb CTPYKTypbl
KpWCTannoB C BOAOPOAHON CBA3bIO, OyNNepeHbl U POLACTBEHHbIE MaTEpPUasibl, HAHOTPYOKM ©
NYKOBWYHbIE CTPYKTYpPbI.

Tema 4. CoeanHeHUs1 BK/IIOYEHUSA U KnaTparbl.
noMalHee 3afnaHue , NpUMepHbIe BOMPOCHI:
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Onucatb KOMMNIEKChbl C NepPeHOCOM 3apaaa, CoOeAMHEeHNS BKIIOYEHUS 1 KnaTpartbl.
Tema 5. AMopdoHble TBepable Tena. Keasamkpucrannsl.
JoMallHee 3ajaHne , NPUMEPHbIE BONPOCHI:

PaccmoTpeTb 0CO6EHHOCTM aMOPMOHBIX TBEPAbIX TEN U ONUCAaTb UX CTPYKTYPbl B MOOENSIX
HenpepbIBHOM 6ecnopsao4HO CETKMN (KOBaNeHTHble cTekna), 6ecnopsiioYHON YyNakoBKU XEeCTKMX
cchep (Me-Tannnyeckue crtekna), becnopsfoYyHon cnmpanu (MoNMMepHble cTekna).

Tema 6. KBasnuactuubl B KpucTannax: OHOHbl, MarHOHbl, 3KCUTOHbI, NOJISIPOHbI, CONTUTOHBI.
noMalHee 3afaHne , NpUMepPHbIE BOMPOCHI:

PaccMoTpeTb MOHSA-TME KBA3UKPUCTaNIOoB U cnocobbl 1x ynakoBku. OxapakTepr3oBaTtb
KBa3u4acTULbl B KPU-CTannax: OHOHbI, MarHOHbI, SKCUTOHbI, MOMSAPOHbI, CONMTOHBI.

Tema 7. Tema2: Metonbl uccnepoBaHNsA KpucTannos. PeHTreHOBCKas, 3/IeKTPOHHas U
HEeUTPOHHas pudppakuus. INEeKTPOHHaAA MUKpocKonusa. PeHTreHoBckas aacopbunoHHas
cnektpockonusi (EXAFS n XANES).

nomalliHee 3afaHve , NpUMepHble BOMPOChI:

OxapakTepu3oBaTtb ONTUYECKNE METOLbI UCCNefoBaHNS TBEPObIX TeN. PacCcMOTpeTb OCHOBbI
LMPPaKLMOHHbBIX METOLOB, BbIBECTU GhopMyny Bbparra-Bynbda, nokazate cnocob nocTpoeHns
obpartHoi pelweTkn. PaccMoTpeTb NPUHLMMNBI METOLOB PEHTIEHOBCKOW AMdppakummn: metona Jlays,
meTona [ebas-lleppepa-Xanna, metona BeiiceHbepra. PaccMoTpeTb aTanbl yCTAaHOBNEHMS
napamMeTpoB 3NIEMEHTAPHON A4ENKN 1 onpedeneHns OTHOCUTENbHbIX KOOP-ANHAT aTOMOB B Si4EKe.
M3noXnTb OCHOBbI 3NEKTPOHHOM ANpakunn, BKAYas Anpakumio HU3KOIHEPreTUYeCcKnx
anekTpoHoB (LEED) n ee npeumywectsa. PaccMoTpeTb HEMTPOHHYIO AMdpakuUmIO U yKkasaTb ee
npenmyLecTsa. PaccMoTpeTb NPUHLMMbLI 3N1€KTPOHHOW MUKPOCKO-MNN - CKaHUPYIOWeEN 1
TPaHCMUCCWOHHOM - 1 NpuMeHeHne Pypbe-npeobpasoBaHns Ans aHa-nM3a n3obpaxeHus.
OxapaktepnaoBaTb CNEKTPOCKOMMIO NOTEPL ANEKTPOHHON aHeprumn (EELS) n aHanutnyeckyto
MUKPOCKOMUIO.

Tema 8. dnekTpoHHasa cnektpockonus (XPS, UVPS, AES, EELS). Cnektpockonus AMP un 3IP.
Apcop6buunoHHas, conyopecueHTHasa, UK- u KP-cnektpockonusi. 3o0HA0Basi MUKPOCKONUs
(STM, AFM).

JoMalwHee 3afaHune , NpuMepHble BONpPOCHI:

N3n0XunTb NpuHUMNbI PEHTrEHOBCKOW afncopbumnoHHoii cnektpockonun (EXAFS n XANES).
OxapakTepu3zoBatb AMP-cnekTpocKonuio TBEPAbIX TN, 9KCMEPUMEHTbLI C BpalleHNeM nog
marnyeckum yrnom (MAS NMR), SIP-cnekTpockonuio, HeopraHnyeckme 1 op-raHn4eckmne CnnHOBbIE
30HAbl. PaccMOTpeTb NPUHLMMBLI 1 NPUMEHEHWS 3NTEKTPOHHOM CNEK-TPOCKOMUN: OOTOSNEKTPOHHOW
cnektpockonum (XPS n UVPS), Oxe-cnektpockonum (AES), cnekTpockonuu notepb aNeKTPOHHOM
aHeprum (EELS). 3noxuTb npuHUMnbl aa-CcopOLMOHHON 1 donyOpeCcLIEHTHON CNEKTPOCKONUA B
Buanmon n YO obnactu, VK- n KP-cnektpockonunm, meccbayapoBckoi cnekTpockonuu. PaccMotpeTb
APUHLMNBLI N TPUMEHEHNS 30HO0BON MUKPOCKOMUN: CKaHUPYIOLWER TYHHeNbHOM Mukpockonum (STM)
N aTOMHO-cunoBoi Mukpockonun (AFM).

Tema 9. Tema3: MeTonobl CMHTe3a TBepAbiX BellecTs. [lonyyeHne HeopraHU4eCcKux Marepuanos
KepaMuyeCcKUMU, XMMNM4YeCKUMN N AYyroBbiMM MeTO4aMU, NPpUMeHeHUe BbICOKOro AaB/ieHus,
HaCTbI/IbHOroO NNaBNeHUs1 U XMMUYECKOoro ocaxaeHus ns rasosom casbl (CVD).

TecTnpoeaHune , npMMepHbIie BOMpOChl:
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. [prBecTn NprMepbl YCNewHoro CUHTE3a HOBbIX COEAMHEHUI U CO34aHNS HOBbIX MaTtepuanos.
OxapakTepun3oBaTtb KepaMU4eCcKnii MeTo CUHTE3a TBEPLAbIX BelwecTs. PaccMoT-peTb nyTu
npeononeHns orpaHNYeHnin kepamm4eckoro metoaa: 1) MeTon CywKun pacrnblieHu-eM; 2) MeToL
CYLWKW BbIMOpaxusaHueMm; 3) MeTo coocaxaeHus; 4) 3onb-renb npouecc. [Npusectn npumepsl
NPUMEHEHNs 30/b-reflb MPOLLecca B CMHTE3e MaTepmanos Anst HENMHER-HOM ONTUKK, BMOTEXHONOM NN
N KOHBEPCUWN CONHEYHOM aHepruu. [lokasaTb, Kak UCNOoNb3yeT-Ca TEPMOANHAMUYECKUIA KOHTPOSb B
BbICOKOOHTaNbMUIHbIX peakumnsax. OxapakTepuaoBaTb XMMUYECKME METOObl CUHTE3a TBEPObIX TeN.
Onucatb 1 NpyMBECTU NPUMEPDLI NPUMEHEHNS Me-TOO0B MArkon xumun (soft-chemistry, chimie douce).
PaccmotpeTb MeTon TBEpOOa3HOro npeawecteeHHrKa. [pnBectu npyMepsl NpUMEHeHNs Metoaa
rasogoasHoro npeplwecTBeHHn-ka. PaccmotpeTtb Markmne MeTonbl CUHTE3a U3 pacrniaBos.
OxapakTepu3soBaTtb TONOXUMMYE-CKME PeLoKC-peakunmn. PaccMoTpeTb cTpatermm uHTepkansumm
LEeNOYHbIX METANNO0B B CMOU-CTble KN LenodeyHble CTPYKTYpbl. OnucaTb HOBbIE cTpaTernm
NHTEPKansaumMn: HTepkansa-uns ¢ novmMmepusaumein; MOHOAMCNeprnpoBaHne ¢ PeCTaKNHIOM,
nunnepuHr (pillaring). Pac-cMoTpeTb MeTon TONOXMMUYECKNX MOHOODOMEHHbIX peakLUnii: MPOTOHHbIN
obMeH 1 0bMeH kaTnoHoB MeTannos. OnucaTtb ABa TuMna METOAOB BbICOKOrO AaBneHuns. PaccMoTtpeTb
MyTW CHUXEHUS CBODOLHOW aHEprum peakuuii noa aaesneHneM. NpreecT NpUMepbl YyCKOPEHUS
peakuui noa gasneHneM. Onucatb NPUHLKMbLI NONYYEHUS HEOPraHNYECKUX MaTepmnanos 4yroBbiMu
MeToLaMu, BKMO-4as O4HOL4YrOBOM MeTo, TPEXAYroBon MeTon; OyroBon TPaHCMOPTHbLINM MeTos,
HacCTblIbHOE NnaeneHne. PaccMoTpeTb METOO XMMUYECKOro ocaxaeHns n3 rasosom ¢asbl (CVD) un
ero

Tema 10. Oco6eHHOCTU CUHTE3a OpraHu4Yeckux Teepabix Ten. CUHTe3 HaHoMaTepuanos.
MonyuyeHne amopcpHbIX BewecTs. O6LLME MeTOAbI BbipalUBaHUS KPYMHbIX KPUCTaNNOB.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

Onwncatb 0COBEHHOCTM CMHTE3a OPraHNYeCKNX TBEPAbIX TEN: NONYyYEHNE KOMMNEKCOB C NMEPEHOCOM
3apsna, NPoBOAAWMX OPraHNYeCcKX NONMMEPOB - NonvaueTuneHa, nonMaHunnHa, Nonunuppona,
nonutueHuneHa. PaccMotpeTtb MeToabl MONyY4eHUst MUKPO-4acTuL, U HaHoMatepuanos. Onncatb
0COBOEHHOCTM CMHTE3a MasbiX YacTWL, METaNOB: UCNA-PEHNE B UHEPTHOM rase, Nosy4yeHme
KONMOVOHbIX METaNI0B BOCCTAHOB/IEHNEM PACTBOPOB CONEN, NCNONb30BaHNE AN 3TUX Lienew
3anekTpoHnOoB. PaccMoTpeTb MeToabl MONyYeHUs aMOPAOHbIX BELWECTB (CTEKON): oxXnaxaeHue
nepeoxnaxaeHHbIX Xnakunx gas (?dpopmoBaHne? na pacnnasa, nasepHoe CTEKNOBAHMKE),
ocax[eHne 13 razoBov goasbl, pobneHne-pasynopsaaoyeHne yaapoMm, pasynopsanoyeHne
obnyyeHnem (MeTaMmnKTOBblE CHOPMbI), Ae-ConbBaTauus, reneobpasosaHune. Onucarb METOAbI
BblpallMBaHNs KPUCTaNNOB 3aTBepaeBa-HMeM U3 pacnnasa: Meto Hoxpanbckoro, Tpexayrosoin
meTton, meton Kuponynoca, meton BpnaoxmeHa-Ctokbaprepa, meton BepHeiins, Meton nnasmMeHHow
ropenku, MeTog nnasato-wen 30Hbl. PaccMoTpeTb MeToabl Kpuctannmsauum n3 pactsopa: MeTopl ¢
MCNONb30BaHNEM ONIOCOB, N’MAPOTEPMabHbIE METOAbI KPUCTaNIM3aumm n3 BOAHOro pacTeopa C
MCNoNb30Ba-HMEM aBTOKNaea, Metos rens. Onucarb SNEeKTPONNTUHECKUIA METOL, BbipaLLMBaAHNS
Kpuctan-nos. [NpuBectn npumMepbl UCNONb30BaHUS METOAA ra30TPaHCNOPTHBIX XUMUYECKMX peakunin
(CVT). PaccMoTpeTb MeToAbl YCNOBHOW KPUCTANN3aLmm n MOnekynspHo-ny4eBor anntak-cum
Tema 11. Tema4d: da3oBble npespalLeHus. TepmoanHaMmka cpa3oBbix Nepexonos. Ma3oBble
nepexonbl NepBoro u BToporo pona. Teopus dasoBbix nepexonos JlaHpoay. Msarkue Moabl.
Kputuueckue siBneHusi. CTpykTypHble U3MeHeHUs npu dpa3oBbiX NpespaLleHUsaX. OCHOBHble
MeXaHu3Mbl pa30BbiX Nepexonos.

noMalHee 3afaHne , NpUMepPHbIe BOMPOCHI:
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[aTb onpeneneHve NoHATUA ?doa3oBbiii nepexon?. OnvcaTb TepMOAMHAMUKY (DA30BbIX NEPEXOAO0B B
(pa30BbIX Nepexoaax NePBOro 1 BTOPOro poaa. PaccmMoTpeTb Teoputo ¢oa3oBbix nepexonos JlaHaay,
napameTp nopsinka, USMEHEHNE CUMMETPUM NPY 0a30BbIX Nepexonax. PaccMoTpeTb Msirkve Moabl 1
ponb donykTyauuin npu doasosbix nepexonax. Onmcatb KPUTUYECKME SBAEHNS N KPUTUYECKME
nHOekcol. [Jatb knaccndmkaumo pasosbiXx NEPEXofoB B TEPMMHAX PA3MEPHOCTU CUCTEMBI U
napameTpa nopsaka. PaccMoTpeTb CTPYKTYpHble 3Me-HEHUSI NpW 0a30BbIX NpeBpaleHnsx. Jatb
Knaccudpmkaumio ¢oasoBbix Nnepexonos no bypre-py: a) nepexonbl, 3aTparneatowme nepyo
KOOPANHALUMOHHYIO Ccpepy ? PEKOHCTPYKTUBHbIE U AnnataunMoHHble; 6) nepexonbl, 3aTparvearowme
BTOPYIO 1 Mocnenytowmne KoopaMHaLMOHHblE cdoepbl - PEKOHCTPYKTUBHbBIE U AMCMIACUBHBIE.
PaccMoTpeTb cheppo- 1 aHTUGEPPOANCTOPCU-OHHbIE Nepexoabl. OnmMcaTb OCHOBHbIE MEXaHU3Mb
(pa30BbIX MEPEXOAOB: a) Nepexobl 3apo-AplweodbpasoBaHuns 1 pocTta; 6) nepexonbl
nopsinok-6ecnopsinok; B) MapTEHCUTHbIE Nepexo-abl. PaccMoTpeTb CnnHoAanbHOe 1 9BTEKTOUAHOE
pasnoxeHue TBepablx Ten. MpuBecTy Npu-Mepbl, UNNKCTPUPYOWMe 0COOeHHOCTH (Da30BbIX
NepexoA0B B OPraHNYeCKNx TBEPAbIX Te-nax.

Tema 12. HecopasmepHbie cpa3bl. KoonepatuBHbin achdekT SHa-Tennepa. NMepexonbl Mexay
cnuHoBbiMU cocTosiHusIMU. Me3odpa3sbl. MnacTnyeckoe Kpuctannuyeckoe cocrosiHue. XXunakuve
KpucTtannbl: HemaTuyeckue, xonectepmyeckme u cmekTnyeckme dpasbl. dasosblie nepexonbl B
cTeknax.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

JaTb onpeneneHne HecopasMepHbix ¢oas. PaccMoTpeTb cnocobbl hopMMpoBaHNS
Hecopas-MepHOCTM has: a) COCTaBHAs HECOPA3MEPHOCTb; 6) AncnnacMBHas HECOPA3MEPHOCTb; B)
ca-moynopsgoyeHune gedoektoB. OnmncaTtb MEXaHN3M 06pa3oBaHMs HECOPaA3MEPHbIX (a3 B MoLe-Ni
OLHOMepHbIX MeTannos lNManepnca-Ppenuxa, BONHbI 3apsoson nnotHoctn (CDW), ru-raHtckyo
aHomanuio KoHa. PaccmotpeTb npuMepbl HecopasmepHbix a3 B K2Pb[Cu(NO2)6], K2SeO4 n
MOHOC/OWMHbIX rpadomToBbIX MHTEPKanaTax. Onucarb ANHAMUYECKUIA U CTaTUYE-CKUIA 9PAOEKTbI
SAHa-Tennepa, koonepaTtusHbIi adpdpekT AHa-Tennepa. NpuBecTy npumMepbl KOonepaTuBHOro
adpgpekTa AHa-Tennepa B P33-umpKoHax, WwnuHensax n neposckmtax. Onu-catb nepexonbl Mexay
CMMHOBbBIMK cocTosiHMAMM B coeanHeHusix xenesa(ll, ) n kobanbTa(lll). Oatb onpenenexHmne
Me3ogpasbl. PaccMoTpeTb NnactTuyeckoe KpUCTaninyeckoe COCTOsHUe, Xnakue Kpuctansbi:
HEeMaTn4ecKkue, XonecTepmyeckne n cmekTndeckme gasbol. Onmcatb 0COHEHHOCTU CMEKTUYECKNX
¢as. OnpenennTb NnapameTp nopsaka B XNUAKOKpU-cTanindeckux goasax. Paccmorpetb ¢oasosble
nepexonpl B cteknax. Cchopmynuposatb napa-nokc KosmaHa (Kauzman?a) n npeanoXxuTb ero
peweHne. PaccMoTpeTb KOHUIYpaUMOHHYO SHTPONKUIO B cTeknax. Onucatb CTEKNOKpUCTansbl,
ONNONbHbIE CTEKNA, 3aMOPOXEHHOE XNO-KOKPUCTANINYECKOE COCTOSHME. [pnBecTn npumepsbl
NpPaKTU4EeCKOro NPUMEHeHNs pas3oBbiX NEPEXOO0B.

Tema 13. Tema5: OecphekTbl B TBepAbIX Tenax. ToueuHble aedektbl No dpeHkento v LLoTTkum.
PaBHOBecue TouyeuHbix gedekToB. NapasanekTpuyeckme n MoneKynsipHble npumMecu. LLeHTpbl
okpacku. Oucnokauun. NMnaHapHbie nedpeKkThbl.

noMalHee 3afnaHne , NpUMepPHbIE BOMPOCHI:

Onucatb YeTbipe TvNa AedekToB B TBEpAbIX Tenax. OxapakTepmnsoBartb HECTEXMO-METPUYecKue
COoelVHEeHUS 1 TBepble pacTBopbl Kak ux Momenn. PaccMoTpeTb ToYeyHble Ae-goekTbl: napbl no
WoTTkK, nedpekTbl N0 PpeHKenNto, anvoBaneHTHbIe NPUMECH, - U UX POSb B 3N1EKTPOMPOBOLHOCTN.
Jatb TepMoanHaMnyeckoe onncaHne paBHOBECUA TOYEYHbIX Aedhek-TOB B TEPMUHAX
KBa3MXMMNYECKMX peakuunin B NPUMEHEHUN K OKCuaam 1 ranoreHngam me-tannos. [latb onpeneneHve
napasnekTpu4ecknum n MonekynspHboiM npuMecsM. Onmncatb LeH-Tpbl okpacku: F-ueHTpebl, F+-, F--
F3-, R- n VK-ueHTpbl. [atb onpeneneHne Ancnokaumsm - KpaesbiM 1 BUHTOBbIM. Onpeaenutb
BEKTOP M KOHTYp Broprepca. Onucartb COBEPLIEHHbIE M HECOBEPLIEHHbIE (YaCTUYHbIE) ANCNOKaLUuu,
yacTuyHble gucnokaumm ®panka v Woknn. OxapakTepn3oBaTtb Posb ANCAOKALMNA B XUMUYECKMX
peakuusax. OnucaTb NnaHapHble gedek-Tbl: KOrepeHTHble, HEKOrepeHTHbIE Y NONYKOrepeHTHbIE
rpaHuubl pasgena. Paccmotpetb ge-tpektbl ynakosku LUK vnu [TTY, rpaHmubl ABOWHUKOB,
KOWHCUOEHTHble, aHTU(Pa3HbIe U 00-MEHHble rpaHuLbl.

Tema 14. Bsanmopeincreme aedpekToB. YrnopsooyeHne To4eyHbIX AedoeKkToB u
cBepxcTpykTypbl. Kpuctannorpacpuueckum casur. BnoyHbie 1 6eCKOHEYHO afanTUBHbIE
cTpykTypbl. [popactaHue kpuctannos. IledekTHble NepOBCKUTHbIE OKCUAbI.

nomallHee 3afaHve , NpUMepHble BOMPOChI:
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PaccMoTpeTb ynopsoodeHne To4eUHbIX 4edDeKTOB 1 CBEPXCTPYKTYpbl. OxapaktepuaosaTb goasbl
Cyaykn. Onucatb CBEPXCTPYKTYPbl XanbkoreHnaos 1 kapbuoos METANNOB, OKCUOOB TUTaHa, BaHaaus
n Xxenesa, knactepbl Koxa-KoyaHa, CBEpXCTPYKTYypbl HA OCHOBE oNitoopuTa C M3ObITKOM Unn
nedhnumnToM aHMOHOB (knacTtepbl besaHa, knactepol Yunnuca). latb onpe-neneHve
KpucTannorpadmyeckoro casura (Cs)  pacCMOTPETb NIOCKOCTM €S B CTpykTypax Tuna ReO3 n TiO2.
Onwncatb 6noYHbIE CTPYKTYPbI HA NPUMEPEe OKCMAO0B HMOOKMS. PaccMoT-peTb HECKOHEYHO afanTUBHbIE
CTPYKTYpbI C NAockocTsMK 1 6e3 NNoCKOoCTelh kpucTtannorpa-guyeckoro casura. OnmcaTtb
npopacTaHme KpUcTannos: Nepnoamnyeckoe n Henepuoguyeckoe npopactaHme. OxapaktepmnsoBarb
TUNbl ed)eKTOB B NEPOBCKUTHbIX okcmaax ABO3S.

Tema 15. Tema6: B3aaMocBsA3b MeXay CTPYKTYpOM U CBOMCTBaMM Kpuctannos. OnucaHue
3N1eKTPOHHOW CTPYKTYpbl TBepAbiX TeN B 30HHOW MOo4eNun, Moaensix 1oKkann3oBaHHbIX
3/1eKTPOHOB, XMMMYECKOW CBA3U U KnactepoB. MarHMTHble CBOMCTBa KPUCTasoB..
AnekTpuyeckue CBOMCTBa TBEpPAbIX Tesl.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

CpaBHNTb YeTbipe MO4ENM ONNUCaAHNS CBONCTB TBEPAbIX Tef. PacCcMOTpeTb 30HHYIO MOAESb, 30HbI
BpwunnioaHa, yposeHb ®epmu. Onucatb MoLENb NOKANN30BaHHbIX 3N1EKTPOHOB, 6onbWwKne 1 Manble
nonsipoHbl. PaccMoTpeTb Modenb XMMUYeckon cesasn no N'yanHadoy, sHep-ruio nepeHoca,
KOHLUenTyanbHble ¢pasosBble gnarpammbl. Onvucatb MoLeNb KNacTepoB C y4e-TOM KOHPUIYpaLMOHHbIX
B3aMMOIENCTBUA N COCTOSIHWIA C NepeHocoM 3apsaa. CpaBHUTb TUMbl PU3NYECKUX CBONCTB TBEPObIX
TEN: PaBHOBECHbIE, CTALMOHAPHbIE, TMCTEPE3NCHbIE N HeoOpaTMMble. PaccMOTpeTb MarHUTHbIE
csowcTBa TBepAbIx Ten. Onucatb ana- n napamar-Hetnam. 3anucatb 3akoH Kiopu-Berica n
BblpaxeHue ons marHetuama Naynu. Oxapaktepu-3oBatb 0OMEHHOE B3aMMOAENCTBME: NPSMOI 1
KOCBEHHbIi 06MeH (cynepobmeH 1 obmeH no mexaHnamy RKKY). PaccMoTpeTb OCHOBHbIE TUMbl
MarHeTn3ma B TBEPAbIX Tenax: avamar-HeTnsm, naeanbHbolil napamarHeTusm, qoeppoMarHeTnsm,
aHTUhbeppomarHetTnam, peppumar-Hetnam. Onpenenntb NOHATUS renmMarHeTnama, cnaboro
oeppomarHeTnama, MetamarHe-Tusma, cyneprnapamarHeTmama, cnepomMarHeTn3ma,
MMUKTOMarHeTn3ma 1 CrvHOBbIX CTEKON. PaccMoTpeTb anekTpmyeckme CBOMCTBa TBepablX Ten.
3anncaTtb BbipaxXeHus g5 NpoBoAMMO-CTU METANIIOB C y4ETOM pacCesiHUS 3N1eKTPOHOB Ha (POHOHAXx
n nedpekTtax peweTku. Mpencra-snTb BbIpaXeHNs A1 NPOBOAMMOCTA COOCTBEHHDIX U
HecoBOCTBEHHbIX NMONYNPOBOAHNKOB C AE0KaNN30BaHHbIMW HOCUTENSIMUA, NONYNPOBOLAHNKOB C
NIOKann30BaHHbIMKM HOCUTENAMU (XOMMUHI ManbiX NOASPoHoB). Onucatb B3aMMOCBA3b MexXay
SNEeKTPONPOBOAHOCTbIO U MAC-COMEPEeHOCOM MOHOB, 3anncaTb COOTHOWeEHe HepHcTa-OnHWTenHa,
OTHOWweHMe XaeeHa. [latb NOHATME CBEPXNPOBOAUMOCTM. PaccMOTpeTb B3aUMOCBA3b MexXay
SHTPONUEN 1 3N1EK-TPOHHON TENNOEMKOCTbIO B CBEPXMNPOBOASALWEM COCTOSHMN. Onucatb BAMsHNe
MarHWTHOrO MONS Ha CBEPXNPOBOAUMOCTb, achpdekT MeliccHepa-Ox3eHdenbaa, Buxpu ABprKocoBa,
ocobeHHocTM a3 Wespens. Kpatko onucaTtb TEOpUIO CBEPXNPOBOAMMOCTH
bapauHa-Kynepa-LWpudepa (BKL).

Tema 16. CBepxnpoBoanMocCTb. [uanekTpuyeckme n ontuyeckme CBOMCTBa KpUCTannos.
MNepexonbl MeTann-HemeTann Mexany AenoKain3oBaHHbIMU COCTOSIHUSIMA, MOTTOBCKMNE U
aHOepcoHOBCKMe nepexoabl. CmellaHHO-BaneHTHble coeanHeHusi. HuskopasmepHbie TBepable
Tena. Peppounku. DeppoanekTpuku u aHTupeppoINeKTpukn. Oco6eHHOCTM aMOpPCPHbIX TeNn u
XUOKUX KPUCTanNmNoB.

noMalHee 3afaHne , NpUMepPHbIE BOMPOCHI:
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PaccMoTpeTb BbICOKOTEMMNEPATYPHbIE OKCUOHbIE CBEPXMNPOBOLHUKN: CTPYKTYPHbIE 0COBEHHOCTU
KynpaTHbIX CBEPXMPOBOAHUKOB Y MEXaHNU3M CBEPXNpPOBOANUMO-CTY B KynpaTax. PaccmoTpeTb
OM3NeKTpu4eckmne CBonCTea TBepablx Ten. 3anncatb ypaBHEHNS g NonNspu3a-uum cpeibl,
ypaBHeHune Knayaunyca-MoccoTTn, KOMMNEKCHON AM3NeKTPUYeCKO NPpoHNLAae-MOCTU, CTaTUYECKON 1
ONTMYECKOWN ON3NEKTPUYECKMX KOHCTAHT, 3akoHa Kiopu-Beiica. Onu-catb B3aMMOCBSA3b MEX Y
KOHCTaHTOW pacrnpoCTpaHeHNs 3N1eKTPOMarHUTHOM BOMHbI, AN-3N1EKTPUYECKON MPOHNLAEMOCTbIO
cpenbl U 0eNCTBUTENbHOM M MHMMOI YacTblo nokasaTens npenomneHus. OxapakrepmsoBaTb
ONTUYECKME CBOWCTBA TBEPAbIX TEN: NornoweHne cnabo-cBs3aHHbIX 3N1EeKTPOHOB, NOroLWeHNe
CWTbHOCBSA3aHHbIX 3/IEKTPOHOB, Nepexodbl OT JOHOP-HbIX U aKLEeNTOPHbIX MPUMECEN B
NONynpPOBOAHMKAX, MONOCHI MOrNOWEHNS 0T 9KCUTOHOB, PEKOMOMHALMIO Nap 3NEKTPOH-AblpKa C
nopoxaeHnem ooHoHa 1 ntoMuHecueHumen. Onu-catb HeYNpyroe paccesHmue nanyyYyeHns B TBePLbIX
Tenax, acpdoekt PamaHa. PaccmoTpeTb na-3epHoe uanydeHune, pybrHoOBbI nasep v nasepbl Ha
NnonynpoBOOHUKOBBIX Anodax. PaccMoT-peTb HeNMHEerHbIe 3aBMCUMOCTM Nongapusaunm ot
9N1EKTPMYECKOro Nons B NasepHbix ny4ax, reHepaumio BTOPbIX rapMoHuK. PaccMoTpeTb
Knaccugpukaumio nepexonos MeTani-HeMeTann: a) nepexobl B Kpuctannax Mmexay 30HHbIMU
COCTOSIHASIMU C U3BMEHEHMSIMU B CTPYKTYpe; 6) MOTTOBCKMIA MEPEXon MeXAay Aen0oKann3oBaHHbIMA 1
NOKanM30BaHHbIMK COCTOSIHUSIMK B KpucTannax; 6) aHOoepCOHOBCKUIA MEpPeExXon Mexay
[enoKann3oBaHHbIMU U NOKANN30BaHHbIMU COCTOSIHUSIMY B HEKPUCTANNIMYECKUX TBEPObIX TENAX.
Jatb noHATME aHOEepCOHOBCKOM noka-nusaunn. PaccMoTpeTb MexaHnam npoBOANMOCTY CO CKavykamu
nepemeHHoin anuHbl (VRH). MpreecTtn kpuTtepun nepexona metann-Hemetann no Xabbapay, Moty n
"epudoenbay. Pac-cMoTpeTb CMelaHHO-BaneHTHble COeAMHEHWS U TPU KX Knacca B 3aBUCUMOCTN OT
Koadppu-umeHTa BaneHTHol genokanuasauun. Mpueectn goopmyny conu Kperitua-Taybe.
PaccmoTpeTb HU3KOpa3MepHble TBepable Tena: LenovyeyHble U CNOUCTble COeAMHEHMS, KPACHYI0
conb Bonbdppama. [atb onpeneneHne oepponkos, BKIKOHAS DEPPOINEKTPUKN
(cerHeToanekTpu-kun), doeppomarHeTmkmn, eppoanacTukn (CerHetToanacTukn). Ykasatb oTanyms
NePBUYHBIX N BTOPUYHbIX (PEPPOVKOB, AATb BblpaxXeHne cBOOOLHOM SHEPrum Ans oeppovKoB.
Onpenenntb cOBCTBEHHbIE N HECOOCTBEHHbIE (hepporkmn. PaccMoTpeTb (OeppOoaneKTpUKK,
Mbe309NEKTPU-KUN, MUPOSINEKTPUKM, aHTUGEPPOINEKTPUKM, pa30Bble Nepexoabl B TutaHate bapus.
PaccMoT-peTb anekTpoontuyeckue matepuansl, agodekTbl [Nokenca n Keppa. Oxapaktepusosatb
0C0-OEHHOCTN aMOPMPHbIX TEN U XMUOKNX KPUCTANIOB.

Tema 17. Tema7: TBeppoocpasHbie peakuun. Knaccucgpmkaumsa reepaocasHbix peakuum.
Peakuuu, BknioyaroLime Tonbko ogHy TBepayto dasy. Tonoxmmmyeckue n TonotakTuyeckme
npoueccol. Peakuuun TBepaoe-ras, Tsepaoe-reepaoe U tsepaoe-xuakoctb. NMpouecchbl
MHTepKanauuun. Peakuum opraHuyeckux Teepabix sewtects. MexaHu3mbl BaXHeNLLNX
TBepaoda3HbIX peakLn.

JoMallHee 3ajaHne , NPUMEPHbIE BONPOCHI:

Knaccudpmumposatb TBepgogasHble peakumy no tmnam. Onucatb NMUTUPYOLWmMe cTagmm
TBEPLOPa3HbIX peakuunin, adpdekT Xeagsana. PaccMoTpeTb peakunn, BKAYaowme oaHy TBepayto
hasy: onmcaHne S-obpa3Hbix KNHETUYECKMX 3aBUCUMOCTEN, ypaBHeHUs ABpamu-Epodeesa n
MpayTa-ToMnkuHca, NpuBecTn NpUMepbl TONOTaKTUYECKMX peakuunin. Pac-cMmoTpeTb peakunm
TBEpLOe-ra3: napabonmyeckunin 3aKkoH CKOpocTh 1 Mmoaens BarHepa. Pac-cMoTpeTb peakuum
TBEpPLOE-TBEPAOE: Peakuny NPUCOEANHEHNS N 0OMEHA, KUHETUKY peak-Lnii C yHaCTUEM MOHO- U
nonukpucTannos. PaccMoTpeTb peakummn TBepO0e-XnaKocTb: 06pa-30BaHME CNost Ha MOBEPXHOCTY,
pacTBoOpeHne B X1OKoW hase, npouecchl uHTepkansumm. OxapaktepusosaTb peakuum
OpraHu4eckux TBepablx TeN B OTNNYME OT HeopraHmyeckux. PaccmoTtpeTb ooToanmMepmsanmio
TPaHC-KOPUYHbIX KACMOT, NONMMEpU3aunio 2,5-gucTmpuinmpasnHa, nonumepunsaumio gnaleTnieHos,
acuMMeTpuYecKme CUHTE3bl B Xnpanb-HblX KpUctannax, UHayLunpoBaHue XmpanbHOCTN CENEKTUBHbIMU
nobaskamu, ctepeocneum-nyeckne peakuum BHeAPEHNS ?roctein? B CTPYKTypy CTEPOUAOB,
paspneneHne 3HaHTUOME-POB Ha OpraHNYecknx XmpanbHblX KpucTannax, yckopeHue peakuni non
NeNCcTBMeM BHYT-peHHEro AaBfeHnsa Kkpucranna.

Tema 18. Oucbdoysus B TBepAbIX Tenax u ponb AecekToB B TBepaodasHbIX peakLuusx.
KuHeTnuyeckme mogenum u ypasHeHUs1 U3oTepmmyeckon kKuHetukn. Mopgenu ¢ nuMMTupoBaHueM
andhcpysmen, B3aumonencTeBmMeM Ha rpaHuue pasgena a3 u 3apoabiLueobpa3soBaHueM.
AKTUBHOE COCTOSIHME peareHTOB M ero posnb B TBepAodasHbIx npoueccax. FeteporeHHbIN
KaTtanus.

KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:
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PaccmoTpeTb NPUHLMMNLI yNpaBneHns peakLUMoHHON CNoCOBHOCTbIO OpraHNYeckix TBepablX Ten,
TEXHWUKY opraHu3auumn kpuctanna. PaccMoTpeTb reteporeHHbIn Katanma: akTMBHOCTb U
Ce-NeKTUBHOCTb KaTanmsaropa; katanna3aTopbl, ANCMNEPrMPOBaHHbIE HA NOANOXKE; CUNTbHOE
B3an-mogenctene metann-Hocutens (SMSI). PaccmoTpeTtb npumepbl NPOLECCOB C reTepOoreHHbIM
KaTanmaoM: KPEKMHI yrneBoaoponoB B MPUCYTCTBUM BOOOPOAA, rTMAPOAEeCynbdypm3aums Hedp-Tu,
nony4yeHne metaHa n3 CO n H2, cuHTes ammmaka, cuHTe3 duwepa-Tponwa (rmapuposanue CO),
okucneHne CO B aBTOMOBUNIbHbIX OTXOAAWMX Fra3ax, NonMMepmnsaumns aTuneHa u nponu-neHa (c
katanmaatopom Linrnepa-Hatra), aMmmookucneHme nponuneHa (MexaHn3M peakumm ¢ Mmonnboatamm
BucMyTa). OxapaktepmaoBaTtb LLEONNTbl Kak katanuaatopsbl. [Jatb NOHATME CEenek-TUBHOCTM MO
peareHTy, NPOAYKTY U NepexoaHoMy cocTosiHMIo. OnrcaTb 0COBEHHOCTU KaTannaa neHTacuiom
H+ZSM-5. KoHTponbHas paboTa

Tema . UToroeasi popma KOHTpons

MpuMepHbIE BONPOCHI K 3a4eTy:

NPUMEPBI BUITETOB
K KOHTPONbHOW paboTe

Bunert 1

1. YpasHeHua bopHa-Maiepa n bopHa-JlaHge, noctosaHHas MagenyHra n ManenyHroBCkum
noTeHuman NoHOB.

2. ®opmyna bparra-Bynbgoa. Tpu BapmaHTa Metoaa peHTreHOBCKOM Angopakumm.

3. OnncaHune CTPyKTYpbl KAMEHHOW CONW: KpUCTananyeckas cuctema, KoopamHauMoOHHbIE Yucna,
4MCNO POPMY/bHbIX €OVHUL, B S4eEiKe.

Bunert 2

1. XvMuyeckas cBs3b B KOBaNeHTHbIX KpucTannax. IoHHOCTb KOBaneHTHOM CBSA3W B KpucTannax no
MonuHry n dununcy.

2. OneKTpoHHas onMpakuns n ee NPeENMyLLECTBA, ANGPaKLUMS HU3KOIHEPTrETUHECKNX SNEKTPOHOB
(LEED).

3. OnncaHne CTPyKTypbl Xnopuaa Lesuvs: Kpuctaninyeckas cuctema, KoopanHaumnmoHHble Yncna,
4MCNO POPMY/bHbIX €OVHUL, B S4eilke.

Bunet 3

1. MeTtannuyeckas cBa3b: OCHOBbI 30HHON TEOPUMN.

2. HenTtpoHHasa amdopakums n ee npenmyllecTsa, NPUMeHeHNs HeMTPOHHON AndopakLmm.

3. OnucaHne CTpyKTypbl LMHKOBOW 0OMaHKK (cdoanepurTa): Kpuctannnyeckas cCucTema,
KOOpAMHALMOHHbIE YMCNa, YACO POPMYNbHbBIX eAVNHNL, B S4elKe.

Bunert 4

1. XMunyeckas cBsi3b B MONEKYNAPHbIX KpucTannax: BaH-nep-BaanbcoBbl B3anMoaencTeuns,
aHeprum Keesoma, [lebas, JlongoHa, noteHuman JleHHapaa-IxoHca.

2. BapvaHTbl 31eKTPOHHOM MUKPOCKOMNUW.

3. OnucaHne CTPyKTypbl BIOPTUMTA: KPUCTaNNmMyeckas cucteMa, KoopamHaLUNOHHbIE YMicna, YUCTO
POPMY/bHbBIX €AVHULL B SYeiiKe.

Bunet 5

1. BO,EI,OpO,EI,HaFI CBA3b, aCMMMETPUYHbIE N CUMMETPUYHbIE BOAOPOOHbIE CBA3N, cnocobbl nx
onncaHwus.

2. CnekTpockonus notepb anekTpoHHoM aHeprum (EELS). AHanuTuyeckas MMkpockonums.

3. OnucaHmne CTpyKTypbl apceHnaa HUKens: Kpuctaninyeckas cuctema, KoopanHaumMoHHbIe Ynucna,
4MCNOo CPOPMYbHbIX €OVHULL B S4eiike.

Bunet 6

1. CeMb KpUCTaNNNYECKUX CUCTEM: COOTHOLIEHUS MEX Y onpenensowmmm pedbpamm n yrnamm
Mexay HUMN.

2. PeHtreHoBckas agcopbumnoHHas cnektpockonus (EXAFS n XANES).
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3. OnucaHue cTpykTypbl okcuaa megu(ll): kpuctannnyeckas cmctema, KOOPAMHALMOHHbIE YACNa,
4MCNO (POPMYNbHBIX €OVHULL B SYEiiKe.

Bunet 7

1. To4yeyHas cMMMeTpusl. INeMeHTbl U onepaumm TOHEHHON CUMMETPUK (3aKpbITbie onepaumnm):
0603HaveHne aneMeHToB cuMMeTpun B cuctemax LWeHdpnuca n MNepmaHa-MoreHa.

2. SIMP-cnekTpockonus TBepAbIX TEN, SKCNEPUMEHTbI C BpalleHneM nog Marmyeckum yriom (MAS
NMR).

3. OnucaHune CTpyKTypbl qonoopuTa: Kpuctanandeckas cmctema, KoopavHaUunoHHbIe Y1Cna, YACIOo
POPMYNbHbIX €AVHWUL B S4ENKE.

Bunet 8

1. Onepauus TpaHcnauMm 1 oTKpbITbie onepauny cummeTpumn. YeTblipHaauaTb pelweTtok bpase.

2. 9lNP-cnekTpockonus, HeopraHMyeckue N opraHnyeckne CrHOBbIE 30HAbI.

3. OnucaHne CTPYKTypbl pyTuna: Kpuctannmyeckas cuctema, KoopanHaUMOHHbIE Yucna, YNCo
GPOPMYNbHBIX €AUHWL, B SIYeiiKe.

Bunet 9

1. MNpocTtpaHcTBeHHas rpynna. O6o3Ha4YeHNs MPOCTPAHCTBEHHbIX rPymMm.

2. doTtoanekTpoHHasa cnektpockonus (XPS n UVPS): npnHuunbl n npyMeHeHuns.

3. OnucaHue cTpykTypbl okcnaa peHumsa(VI): kpuctannnyeckas cucrema, KOopAMHaLMOHHbIE YUcna,
4MCNO POPMYIIbHBIX €OUHUL, B SIHEKe.

Bunet 10

1. Onepaums aHTucummeTpum LLybHmkoBa. LIBETHbIE UNU MArHUTHLIE FPYNMbI.

2. Oxe-cnektpockonug (AES): npuHUunbl 1 NpUMeHeHNS.

3. OnucaHme CTpyKTypbl NUpUTa: KpUCTanIm4yeckas cuctema, KoOopanHaUMOHHbIE YMCna, YUCNO
POPMYNbHbIX €ANHUL, B S4ENKe.

Bunet 11

1. Mogenb xecTkunx capep. Kybuyeckas n rekcaroHanbHasi NNOTHeNWMe ynakoBKM.
Ob6beMOLIEHTPMPOBaHHAA NNOTHAS ynakoBKa.

2. AncopbumoHHas 1 pnyopecuUeHTHas CNeKTPOCKONUsS B BUAMMOiA n Y® obnactu, VK- un
KP-cnekTpockonusi B uccnegoBaHum Teepaplx Ten.

3. OnncaHmne CTpyKTypbl NEPOBCKMTA: KpUCTaNNn4eckas cMctema, KoopAnHaLUNOHHbIE YACna, YNCNO
OOPMYNbHbIX €OUHUL, B S4ENKe.
Bunet 12

1. Orpan-leva WOHHO MOoLenu: HEKOPPEKTHOCTb NCMNO/b30BaHNA YHUBEPCANIbHbIX NOHHbIX
pannycos 1 KoHuenuns 31'IeKTpOCTaTVI‘-IeCKOI7I cunbl cBs3n MonuHra; asBneHmne aBTakCun.

2. 30HO0Bas MUKPOCKOMMA: CKaHupyowas TyHHenbHas Mukpockonus (STM), atoMHO-cunosas
mukpockonus (AFM).

3. OnucaHne CTPyKTypbl WNUHENN 1 "obpalleHHOR" WNMHENN: KpUCTanIn4yeckas CMcTema,
KOOpAWHALMOHHbIE Yncna, YNCNIO POPMYNbHbIX €ANHUL, B S4elKe.

7.1. OcHoBHas nuTeparypa:

1.KHoTbKO A.B. Xumns tBeproro tena / A.B. KHoTbko, U.A. TpecHsikos, 0. . TpeTbskos. - M.: U3a.
ueHTp "Akagemuns”, 2006. - 304 c.

7.2. JlononHuTenbHasa nuteparypa:
1.Kperep ®. XnmMns HecoBepLeHHbIX Kpuctannos. - M.: Mup, 1969. - 655 c.
2.Menep K. duauko-xummnyeckas kpuctannorpadpus. - M.: Metannyprus, 1972. - 480 c.
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3.0pmoHT B.®. BBeaeHune B on3nNYECKYO XMMUIO 1 KPUCTANNOXUMANIO NONYNPOBOAHUKOB. - 3-€ N34.,
ucnp. un gon. - M.: Beicwas wkona, 1982. - 528 c.

4 XogpcpmaH P. CTpoeHune TBepabIX TeNn 1 NoBepxHocTen: Barnan xumuka-teopetuka. - M.: Mup,
1990. - 216 c.

5.Pao Y.H.P. Hoeble HanpaBneHns B xumun tBepgoro tena / Y.H.P. Pao, 1. [(onanakpuwwHaH. -
HoBocunbupck: Hayka. Cnb. ota-ue, 1990. - 520 c.

6.Bect A. Xumung tBepaoro tena. Teopus n npunoxeHmsa. B 2-x yactax. - M.: Mup, 1988. - Y. 1. -
588 c.,4.2.-336c.

7.®uctynb B.U. ®dusnka n xumng tBepporo tTena. B 2-x 1. - M.: Metannyprus, 1995. - T. 1. - 480 c.,
T.2.-320c.

8.XeHHen H. Xumus tBepporo tena. - M.: Mup, 1971. - 224 c.
9.Tpetbskos tO.1. TeepoodasHble peakunn. - M.: Xumus, 1978. - 360 c.

10.Xumuns tBepmoro tena: YuebHoe nocobue ons ctyneHTos-xmmmkos / OTB. pea. B.B. Bongbipes. -
Hosocunbupck: HI'Y, 1979. - 85 c.

11.Rao C.N.R. New Directions in Solid State Chemistry. - Second Edition / C.N.R. Rao, J.
Gopalakrishnan. - Cambridge: University Press, 1997. - 549 p

7.3. UHTepHeT-pecypcChbl:

1.Cant ?KHurn no xumnn - Xumns TBepgoro tena? -
http://chemistry-chemists.com/Uchebniki/Chemistry-books-Solid-state.html

2.Cant ?Xnmuk. Xumng tBepgoro Tena? - http://www.xumuk.ru/encyklopedia/2/4998.html

3.Cant ?CummeTpus n omanyeckme CBONCTBA KpUCTanioB? -
http://www.eunnet.net/metod_materials/wm5/symmetry.htm

4.Cant dakynbteta Hayk o Marepuanax MI'Y - http://www.fnm.msu.ru/main.php
5.Cant ?TeepoodrasHble peakuumn? - http://dic.academic.ru/dic.nsf/es/89815/TBEP LJOPAI3HbIE

6.MpeseHTauns nekunn depnoceesa B.b. (HHI'Y) ?KnHeTuka tBepoodasHbix peakumii. Mo-genun? -
phys.unn.ru/click_download.asp?contentid=3440

8. MarepuanbHo-TexHM4Yeckoe obecrneyeHme oUCLMMINHBI(MOAYNS)

OcBoeHune gncumnnuHbl "Xummnsa TBepaoro tena” npegnonaraet UCNonb3oBaHMe cneayowero
MaTepuanbHO-TEXHNYECKOro obecneyeHus:

MynbTumMeguiiHas ayantopus, BMECTUMOCTbO bonee 60 yenosek. MynbTumMeauiiHas ayamtopums
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €ANHOWN CUCTEMOWN yNpaBneHns, OCHaWeHHas
COBPEMEHHBIMM CPeacTBamMy BOCMPOU3BEAEHNS 1 BU3yannaaumm nobo Bnaeo n ayamo
NHpopMaLUK, NONy4EeHNS 1 Nepenadn aNeKTPOHHbIX JOKYMEHTOB. TnoBas KoMnnekTaums
MyNbTUMEOMNIAHON ayanTOPUM COCTOUT U3: MyNbTUMEONAHOrO NPOEKTopPa, aBTOMaTU3NPOBAHHOIO
MPOEKLMOHHOr0 9KpaHa, akyCTMYEeCKON CUCTEMBI, a TAKXe MHTEPAKTMBHOWM TPpMOYHbI MpenonaBaTens,
BK/OYaoLWen Ta4-CKPUH MOHMUTOP C AnaroHasnbio He MeHee 22 OI0MOB, NepCOoHaNbHbIA KOMMbIOTEP
(C TexHUYecknMm xapaktepuctmkamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHdpepeHL-MUKPOOoH, 6ecnpoBofHOM MUKPOMOH, 610K ynpaeneHus 060pynoBaHNEM, UHTEPGECHI
noaknoyeHms: USB,audio, HDMI. HTepakTnBHas TpnbyHa npenofnasaTens SBnseTcs KNo4YeBbiM
9NEMEHTOM yrNpaBneHns, 06 beANHAOWNM BCE YCTPONCTBA B €AMHYIO CUCTEMY, N CNYXUT
MONHOLUEHHbIM paboynm MecToM npenogasartens. lNpenonasaTenb MMeET BO3MOXHOCTb NIErko
yrnpasnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, YTO MO3BONSIET NPOBOAMTDL NEKLUMN, NPaKTUYecKne
3aHATUSA, Npe3eHTaumm, BebrHapbl, KOHEPEHLMN 1 Opyrie BUabl ayAMTOPHON Harpy3km
oby4varowmxcs B yooOHON 1 OOCTYNHOW ONsi HUX POPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPEACTB 0Oy4eHMs, B TOM YMCne C MCNONb30BaHMEM B npoLecce oby4yeHns Bcex
KopnopaTueHbIX pecypcoB. MynbTumMeguinHas ayautopus Takxke oCHaleHa WupPOoKOrnonoCHbIM
LOCTYNOM B CETb MHTEpHET. KoMnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NIMLLEH3NOHHOE NPOorpaMMHoOe obecneyeHue.
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OvicumnnuHa obecneyeHa KOMMbOTEPaAMM, MPOEKLIMOHHOW TEXHUKON, CKaHEPOM, MPUHTEPOM,

neyaTHbIMU N3OAHUSIMU U 3NEKTPOHHBIMM KOMUSIMA OCHOBHbIX Y4EOHMKOB, a TakxXe 6azamu faHHbIX U
WHTepHeT-pecypcamu.

Mporpamma cocTtasneHa B cootBeTcTBumn ¢ TpeboBaHnsmm ®rOC BINO 1 y4ebHbIM nnaHoM no
cneuwnanbHocTtn: 020201.65 "PyHoameHTanbHaa v npuknagHas xmmms" 1 cneuyvannsaumm
HeopraHunyeckas xumus .
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WrbipnuH B.I'.

" 201 __r.
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Ynaxosuy H.A.
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